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Weaver’s Cove Energy, LLC 
Water Quality Monitoring Plan for Dredging Activities, April 17, 2007 Submittal 

 
Background/Source Documents 
 
Weaver’s Cove Energy, LLC (“Weaver’s Cove”) application for Water Quality Certification 
for dredging activities, submitted on April 26, 2004 and updated on November 21, 2006.   
 
Weaver’s Cove response to written public comments on the Water Quality Certification 
dredging application, as submitted on March 2, 2007.   
 
The underlying Massachusetts Environmental Policy Act (“MEPA”) record, beginning with 
the Expanded ENF filed on June 30, 2003 through the SFEIR filed on June 15, 2006. 
 
The Secretary’s Certificate on the SFEIR (EOEA No. 13061), dated July 28, 2006. 
 
Initial Verification of SSFATE Modeling Results 
 
In the early stages of dredging (maintenance sediments), Weaver’s Cove will undertake a 
field measurement program aimed at verifying the SSFATE modeling results presented 
during the NEPA and MEPA review processes.  The methodology for this effort is described 
in a separate submittal. 
 
Expected Dredge Sequencing and Schedule 
 
As described in the MEPA record and the Water Quality Certification application, the 
proposed dredging program for the existing Fall River federal navigation channel and 
turning basin has an estimated planning volume of ~2,600,000 CY and is scheduled to be 
completed over three dredge seasons.  With the exception of the sediments in the 
immediate vicinity of the existing wooden pier (i.e., TB-10)1, the entire dredge volume has 
been found to be suitable for offshore disposal at the Rhode Island Sound Disposal Site 
(“RISD”) and/or the Massachusetts Bay Disposal Site (“MBDS”). 
 
For planning and water quality monitoring purposes, the dredging program has been 
divided into 5 dredge elements.  The five dredge elements are  depicted on the attached 
Figure 1-1.  So as to provide some context for the Water Quality Monitoring Program, a 
description of each of the five dredge elements, including the estimated planning volume, 
typical production rates, current dredging windows and schedule expectations, are 
provided below.  This information is taken from the MEPA record and also appears in the 
dredging 401 WQC record.  It should be recognized that the schedule expectations are 
outlined for the purpose of understanding the planned progress of the work.  There may be 
instances where an additional dredge or an additional dredge season will be necessary to 
complete the required work for a given element within the approved dredge windows and 
the overall construction schedule. 
 

                                                 
1  Tier III testing of the wooden pier sediments has been completed; a report is under review by the 

U.S. Army Corps of Engineers and the U.S. Environmental Protection Agency. 
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• Dredge Element 1 - Southern Reach or Lower Channel:  This dredge element is 
located south of the Braga Bridge in the open waters of Mount Hope Bay.  The total 
planning volume in this reach is ~680,000 CY.  Of this total, approximately 
450,000 CY is in Massachusetts, the balance in Rhode Island.  The material to be 
dredged is largely along the sides of the existing 400 ft wide channel.  Typical 
production rate @ 2,000 CY/day.  Work in Massachusetts waters below the Braga 
Bridge will occur ~ June 15 through January 15.  Total Lower Channel work is 
expected to require 2 or 3 seasons, assuming one dredge.  

 
• Dredge Element 2 - S-Bend:  This area is located north of the Braga Bridge and south 

of the Brightman Street Bridge.  Total planning volume is ~780,000 CY, thicker 
cuts.  Typical production rate @ 3,000 to 6,000 CY/day.  Dredging will be 
scheduled  ~August 1 through January 15.  The S-bend work is expected to require 
two seasons with one dredge. 

 
• Dredge Element 3 - Turning Basin Surface or Maintenance Sediments:  Planning 

volume is ~570,000 CY, thicker cuts along perimeter.  Typical production rate @ 
8,000 to 10,000 CY/day.  Dredging will be scheduled ~ August 1 through January 
15.  WCE expects to complete this work during the first season using one large 
dredge. 

 
• Dredge Element 4 - Turning Basin Native Sediments:  Planning volume is 

~550,000 CY.  Typical production rate (open bucket) @ 3,000 to 5,000 cy/day.  
Dredging will be scheduled for ~ August 1 through January 15.  WCE expects to 
complete this bulk of this work during the second season using one large dredge. 

 
• Dredge Element 5 - Pipeline Crossing:  Planning volume is ~33,000 CY.  Dredging 

scheduled for November 1 through January 15.  The pipeline dredging is expected 
to be completed  in year 2 of the program.  

 
Objective of Water Quality Monitoring Plan 
 
The objective of the Water Quality Monitoring Plan is to demonstrate that the Weaver’s 
Cove dredging program is being conducted in accordance with Massachusetts Water 
Quality Standards, as specified in the Water Quality Certification for the Project.  As has 
been the case for past dredging and dredge material disposal projects, the Water Quality 
Monitoring Plan includes provisions for appropriate mixing zones.  This monitoring plan is 
designed to demonstrate that applicable water quality criteria are met at the edge of the 
applicable mixing zone for each dredging element. 
 
Outline of Proposed Water Quality Monitoring Plan 
 

I. Parameters 
 

• Measure turbidity (NTUs), dissolved oxygen (“DO”), temperature and salinity at 
three levels: near bottom, mid-depth and near surface; 
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• Upstream reference stations (Taunton River, Mount Hope Bay) at distances 
outside the influence of dredge activities; 

 
• Measurements at two times: (1) around the dredging operation during slack tide; 

and (2) either down-current from the dredge at approximate mid-flood tide or 
down-current from the dredge at approximate mid-ebb tide; 

 
• 300 foot radius2 mixing zone for Dredge Elements 1, 4 and 5; 

 
• 400 foot radius mixing zone for Dredge Element 2; 

 
• 500 foot radius mixing zone for Dredge Element 3; 

 
• Water quality criteria at edge of mixing zone: 50 NTU above background for 

turbidity, 5 ppm DO (or 80% of ambient DO when background DO is less than 
6.25 ppm).  

 
II. Sampling Technique and Equipment 
 

• Sampling boats to be equipped with appropriate locational equipment (GPS) 
and depth finder, calibrated probes, data logger, communications gear. 

 
• For slack tide conditions, take measurements at 4 cardinal compass points on 

circumference of mixing zone. 
 
• For mid ebb or mid flood conditions, take measurements at 3 points on the 

circumference of the mixing zone, down current, point 1 centered on direction 
of flow, points 2 and 3 each at 7 to 10 degrees offset from flow center line. 

 
• For each sampling event (i.e., “slack tide Turning Basin,” “mid ebb or mid flood 

Turning Basin,” “slack tide S-bend,” etc), the measurements for each of the three 
depths (near bottom, mid-depth, near surface) will be repeated three times, and 
the results averaged for each point/each depth.  Alternatively, if the logistics of 
repositioning the boat preclude repeating the measurements three times at each 
point and depth within a reasonable time frame, the sampling technique would 
be to record data over a 5 minute averaging period at each point and depth. 

 
• An exceedance at a given location/depth will be defined as either the average of 

the three repetitions or the result of the five minute averaging period.  
 
III. Conditions 

 
• Dredging in a given reach will be allowed to reach representative “steady state” 

conditions before monitoring is initiated in a given element. 

                                                 
2 Mixing zone radius will be measured from the point of dredging 
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IV. Initial Frequency within any Dredge Element 
 

• Daily3 at slack tide, and at either mid ebb or mid flood tide. 
 
• Continue for two weeks 

 
• If no exceedances, move to once per week at slack tide and at either mid ebb or 

mid flood tide. 
 

V. Frequency in Second Year in any Dredge Element 
 

• Daily at slack tide, and at either mid ebb or mid flood tide. 
 
• Continue for one week. 

 
• If no exceedances, move to once per week at slack tide and at either mid ebb or 

mid flood tide. 
 

VI.  Frequency if Equipment is Changed (Larger Bucket, Closed Bucket to Open Bucket) 
 

• If significant equipment changes are made during the course of work in a given 
segment in a given dredge season (e.g., larger bucket, switch from closed bucket 
to open bucket), measurement frequency will revert to daily for two weeks, and 
follow sequence as set forth in Paragraph IV above. 

 
VII.    Reporting to DEP 

 
• Routine reporting will be on a weekly basis.  Reports for a given week will be 

submitted to DEP no later than the close of business on Friday of the following 
week.  Reports will be transmitted electronically in a format to be mutually 
agreed upon by DEP and Weaver’s Cove. 

 
• Exceedances of limits at the edge of the mixing zone will be reported to DEP 

within 24 hours (via email to a designated DEP contact). 
 

• A full summary report for each dredge season will be provided to DEP within 30 
days of the close of each dredge season.  The report will compile data from all 
measurements taken during the dredge season, will report any exceedances and 
remedial measures undertaken, and will include a section describing any 
proposed revisions/refinements for subsequent dredge season.   

 
• Any dredging activity reports prepared by the FERC-mandated Environmental 

Inspectors will be made available to DEP.  

                                                 
 
3 Daily is understood to mean 6 of seven days in a given week, as one day per week is expected to 

allow for crew rest, equipment checks, boat maintenance and other similar activities. 
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VIII. Actions if Exceedances are Measured 

 
• If an exceedance is measured at the edge of the mixing zone (Turbidity [NTU] or 

DO [mg/l] or both), Weaver’s Cove will instruct the dredge operator to reduce 
the production rate, as soon as practicable but no later than 8 hours from the 
documented exceedance.  Measurements will be made the next day to confirm 
that the production rate reduction was sufficient to bring levels at the edge of 
the mixing zone below the specified limits.  Measurements will then continue 
on a daily basis for two weeks.  If there are no further exceedances, 
measurement frequency will revert to weekly. 

 
• If a further exceedance is measured after the first production rate reduction, 

Weaver’s Cove will instruct the dredge operator to make a further rate 
reduction, and the measurement plan outlined above will be repeated. 

 
• If a further exceedance is measured after the second rate reduction, dredge 

efforts in the affected section will be halted for two days, during which time 
Weaver’s Cove representatives will discuss further steps with DEP. 

 
• If measured background DO levels drop below 3 mg/l, dredging efforts will be 

halted until background DO levels return to a minimum of 3.75 mg/l. 
 

• In instances where a reduced dredging rate results in clear compliance with 
limits, Weaver’s Cove would have the ability to increase production rates after 
notice to DEP.  In all cases, sampling will be conducted as described in 
Paragraph IV above following each production rate adjustment. 

 
IX. Safety and weather contingencies 

 
• The Water Quality Monitoring Plan will be conducted as outlined above, 

subject to the ability of Weaver’s Cove to limit or suspend monitoring efforts 
when such efforts cannot be conducted safely.  Recognizing that the Water 
Quality Monitoring Plan will be conducted using seaworthy but small boats, 
there may be times when winds, wave height, extreme cold, river ice or other 
adverse conditions limit the extent of work which can be safely conducted.   

 
• Based on experience to date, such adverse conditions are more likely to be 

experienced in the open waters below the Braga Bridge.  Accordingly, there 
may be days when monitoring could be done in some elements, e.g., Turning 
Basin and S-Bend, but not on the same day in another element, e.g., the lower 
channel. 

 
• It is anticipated that there will be instances when specific Water Quality 

Monitoring Plan sampling events will need to be cancelled so as to allow for the 
safe passage of large vessels or the repositioning of dredge equipment. 
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• Decisions as to cancellation of sampling activities due to safety concerns or 
other conditions will be the direct responsibility of the Water Quality 
Monitoring Plan crew leader. 

 
• On-river monitoring will be conducted in daylight hours only. 

 
X. Responsibility for Water Quality Monitoring Plan 

 
• As an important element of the dredging program, implementation of the Water 

Quality Monitoring Plan will be the responsibility of Weaver’s Cove.  Weaver’s 
Cove will likely employ an experienced environmental monitoring consultant 
for this activity.  Alternatively, Weaver’s Cove may use qualified and properly 
trained in-house staff for this effort.  In either case, Weaver’s Cove may provide 
the necessary boat(s), locational equipment, monitoring probes, data logging 
equipment, communications gear and safety gear.  Weaver’s Cove will also 
provide docking space, onshore office and equipment storage/maintenance 
areas for use by the team conducting the Water Quality Monitoring Plan. 

 
• The monitoring crew will have access to the Weavers Cove marine science, 

modeling and permitting consulting team (i.e., ASA, Epsilon, Concept2Delivery, 
etc), as appropriate, during the Water Quality Monitoring Plan effort. 

 
XI. Observation/Audit by DEP 

 
• DEP personnel may observe the Water Quality Monitoring sampling activities at 

any time, subject to space availability in the boat(s) and reasonable coordination 
with the crew. 

 
• Prior to the start of the program, Weaver’s Cove will request that DEP provide 

proof of proper insurance coverage and will also ask DEP to sign an appropriate 
indemnification document in connection with on-water observation activities. 

 
• In cold weather months, DEP personnel will be responsible for providing their 

own safety gear.  The crew leader will have the right to refuse to take anyone on 
board who, in his or her judgment, does not have proper safety gear for the 
expected conditions.   

 
• Weaver’s Cove will provide contact information for the Water Quality 

Monitoring Plan crew leader and arrangements for field observation will be 
made through the crew leader. 

 
• These provisions apply to DEP personnel only.  While representatives of other 

agencies (i.e., Army Corps, USEPA) will be welcome to observe the Water 
Quality Monitoring Plan, specific arrangements will be made with other 
agencies. 



Parameter Analytical Detection
Method Limit Comp Avg Max 95 ucl Det. Freq # Detects/# Samples Comp Avg Max 95 ucl Det. Freq # Detects/# Samples

USACE PARAMETERS

1 PAHs GC/MS-SIM ppb

2 Naphthalene PAH SIM 20 224 5700 424 70.91% 39/55 278 5700 530.5 83.72% 36/43
3 Acenaphthylene PAH SIM 20 106 690 136 67.27% 37/55 128 690 163.2 79.07% 34/43
4 Acenaphthene PAH SIM 20 34 380 49 41.82% 23/55 41 380 59.1 51.16% 22/43
5 Fluorene PAH SIM 20 53 410 70 58.18% 32/55 62 410 84.3 67.44% 29/43
6 Phenanthrene PAH SIM 20 271 1300 344 76.36% 42/55 330 1300 414.1 88.37% 38/43
7 Anthracene PAH SIM 20 165 720 211 69.09% 38/55 200 720 253.5 81.40% 35/43
8 Fluoranthene PAH SIM 20 483 1800 612 78.18% 43/55 592 1800 738.5 90.70% 39/43
9 Pyrene PAH SIM 20 772 4800 1004 80.00% 44/55 940 4800 1211.9 90.70% 39/43

10 Benzo[a]anthracene PAH SIM 20 334 1500 427 74.55% 41/55 405 1500 513.5 86.05% 37/43
11 Chrysene PAH SIM 20 367 1600 469 76.36% 42/55 448 1600 565.2 88.37% 38/43
12 Benzo[b]fluoranthene PAH SIM 20 355 1300 446 76.36% 42/55 431 1300 535.1 88.37% 38/43
13 Benzo[k]fluoranthene PAH SIM 20 357 1700 452 72.73% 40/55 437 1700 546.2 86.05% 37/43
14 Benzo[a]pyrene PAH SIM 20 409 1800 516 78.18% 43/55 495 1800 616.4 88.37% 38/43
15 Indeno[1,2,3-cd]pyrene PAH SIM 20 143 510 178 70.91% 39/55 169 510 208.9 83.72% 36/43
16 Dibenz[a,h]anthracene PAH SIM 20 50 190 62 65.45% 36/55 59 190 72.1 76.74% 33/43
17 Benzo[g,h,i]perylene PAH SIM 20 136 470 170 70.91% 39/55 161 470 199.2 83.72% 36/43
18 PCB Congeners GC/ECD ppb
19 Total PCB (Sum of Specified Congeners x 2) 50 274 66 8.0%^ 19/55** 58.6 274.4 77.7 8.99%^ 18/43**
20 Pesticides GC/ECD ppb

21 4,4'-DDD 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
22 4,4'-DDE 8081A 20 10.7 25.0 11.5 5.45% 3/55 10.9 25.0 12.0 6.98% 3/43
23 4,4'-DDT 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
24 Aldrin 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
25 alpha-Chlordane 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
26 cis-Nonachlor 8081A 0.7 1.0 0.7 0.00% 0/55 0.7 1.0 0.8 0.00% 0/43
27 Dieldrin 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
28 Endosulfan I 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
29 Endosulfan II 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
30 Endosulfan sulfate 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
31 Endrin 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
32 gamma-BHC 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
33 gamma-Chlordane 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
34 Heptachlor 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
35 Heptachlor epoxide (B) 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
36 Hexachlorobenzene 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
37 Methoxychlor 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
38 Oxychlordane 8081A 0.7 1.0 0.7 0.00% 0/55 0.7 1.0 0.8 0.00% 0/43
39 Technical Chlordane 8081A 66.6 95.0 72.2 0.00% 0/55 73.4 95.0 79.0 0.00% 0/43
40 trans-Nonachlor 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
41 Toxaphene 8081A 20 66.6 95.0 72.2 0.00% 0/55 73.4 95.0 79.0 0.00% 0/43
42 Metals ppm

43 Arsenic 6020A 0.5 12.2 28.0 13.6 100.00% 55/55 14.3 28.0 15.5 100.00% 43/43
44 Cadmium 6020A 0.1 0.6 1.7 0.7 85.45% 47/55 0.7 1.7 0.9 95.35% 41/43
45 Chromium 6020A 1 125.3 420.0 155.2 100.00% 55/55 153.8 420.0 187.1 100.00% 43/43
46 Copper 6020A 1 65.1 180.0 78.9 100.00% 55/55 78.9 180.0 93.9 100.00% 43/43
47 Lead 6020A 1 80.1 360.0 98.8 100.00% 55/55 97.7 360.0 118.4 100.00% 43/43
48 Mercury 7471A 0.02 1.332 4.300 1.680 81.82% 45/55 1.640 4.300 2.034 93.02% 40/43
49 Nickel 6020A 1 21.2 36.0 23.3 100.00% 55/55 24.4 36.0 26.1 100.00% 43/43
50 Zinc 6020A 1 159.9 330.0 186.1 100.00% 55/55 190.5 330.0 216.5 100.00% 43/43

*Undetected samples are represented as one-half of the USACE Detection Limit.
**Represents the number of samples where at least one congener (out of 22) was detected.
^Detection frequency for Total PCBs was based on detection frequency of 22 individual congeners.

Turning Basin + Channel Samples

Weaver's Cove Energy, LLC                   Revised October 2, 2003

Statistical Summary                      
The data contained in this report shall not be reproduced or 

redistributed without the prior written consent of Weaver's Cove 
Energy, LLC.  Copyright © 2003 Weaver's Cove Energy, LLC.    

Undetects are halved*

Fines & Coarse

Turning Basin + Channel Samples

Fines 



DLs are Halved* Analytical Detection # Detects/# Samples Average Max Min
USACE Parameters Method Limit
PAHs GC/MS-SIM ppb ppb ppb ppb ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q)
Naphthalene PAH SIM 20 39/55 224 5700 10 61 10 U 240 10 U 250 10 U 38 10 U 10 U 280 10 U 170 10 U 35 560 5700 220 10 U 290 49
Acenaphthylene PAH SIM 20 37/55 106 690 10 45 10 U 190 10 U 200 10 U 10 U 10 U 10 U 220 10 U 100 10 U 28 240 270 190 10 U 230 42
Acenaphthene PAH SIM 20 23/55 34 380 10 10 U 10 U 55 10 U 49 10 U 10 U 10 U 10 U 56 10 U 30 10 U 10 U 170 380 50 10 U 110 10 U
Fluorene PAH SIM 20 32/55 53 410 10 24 10 U 110 10 U 93 10 U 10 U 10 U 10 U 120 10 U 59 10 U 10 U 250 410 92 10 U 180 20
Phenanthrene PAH SIM 20 42/55 271 1300 10 170 10 U 680 30 440 10 U 58 29 10 U 690 10 U 380 10 U 68 1000 1300 480 10 U 700 100
Anthracene PAH SIM 20 38/55 165 720 10 90 10 U 360 10 U 320 10 U 38 10 U 10 U 410 10 U 200 10 U 37 720 700 310 10 U 520 82
Fluoranthene PAH SIM 20 43/55 483 1800 10 230 10 U 1400 35 890 10 U 85 36 10 U 1100 10 U 840 10 U 99 1800 1600 860 10 U 1700 190
Pyrene PAH SIM 20 44/55 772 4800 10 490 43 2200 58 1400 10 U 210 45 10 U 1200 10 U 770 10 U 230 4800 2000 1300 10 U 2100 410
Benzo[a]anthracene PAH SIM 20 41/55 334 1500 10 180 10 U 890 22 780 10 U 83 24 10 U 770 10 U 340 10 U 100 1500 1100 680 10 U 1100 260
Chrysene PAH SIM 20 42/55 367 1600 10 190 10 U 970 24 780 10 U 110 23 10 U 900 10 U 340 10 U 100 1600 1100 660 10 U 1100 220
Benzo[b]fluoranthene PAH SIM 20 42/55 355 1300 10 200 10 U 850 23 690 10 U 85 22 10 U 820 10 U 350 10 U 110 1300 950 660 10 U 980 150
Benzo[k]fluoranthene PAH SIM 20 40/55 357 1700 10 180 10 U 760 10 U 660 10 U 72 10 U 10 U 640 10 U 330 10 U 89 1100 770 590 10 U 790 140
Benzo[a]pyrene PAH SIM 20 43/55 409 1800 10 250 20 970 21 920 10 U 94 21 10 U 880 10 U 400 10 U 120 1400 1100 750 10 U 1200 230
Indeno[1,2,3-cd]pyrene PAH SIM 20 39/55 143 510 10 120 10 U 410 10 U 240 10 U 47 10 U 10 U 330 10 U 140 10 U 58 510 440 350 10 U 320 100
Dibenz[a,h]anthracene PAH SIM 20 36/55 50 190 10 41 10 U 130 10 U 81 10 U 10 U 10 U 10 U 110 10 U 49 10 U 10 U 190 160 110 10 U 110 33
Benzo[g,h,i]perylene PAH SIM 20 39/55 136 470 10 130 10 U 390 10 U 190 10 U 55 10 U 10 U 280 10 U 130 10 U 67 470 390 340 10 U 260 110
PCB Congeners GC/ECD ppb ppb ppb ppb ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q)
Total PCB (Sum of Congeners* x 2) 19/55 50 274 18 18.00 U 18.00 U 43.90 23.40 U 274.40 19.32 U 23.40 U 18.00 U 18.00 U 272.00 26.00 U 29.20 18.00 U 25.20 U 69.50 28.80 U 23.40 U 18.00 U 168.40 28.00 U
Pesticides GC/ECD ppb ppb ppb ppb ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q
4,4'-DDD 8081A 20 0/55 10.00 10.00 10.00 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
4,4'-DDE 8081A 20 3/55 10.73 25.00 10.00 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
4,4'-DDT 8081A 20 0/55 10.00 10.00 10.00 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Aldrin 8081A 20 0/55 10.00 10.00 10.00 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
alpha-Chlordane 8081A 20 0/55 10.00 10.00 10.00 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
cis-Nonachlor 8081A 0/55 0.67 0.95 0.25 0 U 0 U 1 U 1 U 1 U 0 U 1 U 0 U 0 U 1 U 1 U 0 U 0 U 1 U 1 U 1 U 1 U 0 U 1 U 1 U
Dieldrin 8081A 20 0/55 10.00 10.00 10.00 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Endosulfan I 8081A 20 0/55 10.00 10.00 10.00 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Endosulfan II 8081A 20 0/55 10.00 10.00 10.00 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Endosulfan sulfate 8081A 20 0/55 10.00 10.00 10.00 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Endrin 8081A 20 0/55 10.00 10.00 10.00 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
gamma-BHC 8081A 20 0/55 10.00 10.00 10.00 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
gamma-Chlordane 8081A 20 0/55 10.00 10.00 10.00 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Heptachlor 8081A 20 0/55 10.00 10.00 10.00 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Heptachlor epoxide (B) 8081A 20 0/55 10.00 10.00 10.00 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Hexachlorobenzene 8081A 20 0/55 10.00 10.00 10.00 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Methoxychlor 8081A 20 0/55 10.00 10.00 10.00 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Oxychlordane 8081A 0/55 0.67 0.95 0.25 0 U 0 U 1 U 1 U 1 U 0 U 1 U 0 U 0 U 1 U 1 U 0 U 0 U 1 U 1 U 1 U 1 U 0 U 1 U 1 U
Technical Chlordane 8081A 0/55 66.60 95.00 24.50 44 U 44 U 95 U 65 U 80 U 42 U 65 U 43 U 42 U 90 U 65 U 48 U 25 U 70 U 85 U 80 U 65 U 38 U 95 U 70 U
trans-Nonachlor 8081A 20 0/55 10.00 10.00 10.00 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
Toxaphene 8081A 20 0/55 66.60 95.00 24.50 44 U 44 U 95 U 65 U 80 U 42 U 65 U 43 U 42 U 90 U 65 U 48 U 25 U 70 U 85 U 80 U 65 U 38 U 95 U 70 U
Metals ppm ppm ppm ppm ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q
Arsenic 6020A 0.5 55/55 12.19 28.00 0.78 5.50 2.20 18.00 14.00 14.00 2.30 12.00 7.00 2.70 19.00 17.00 17.00 5.30 13.00 19.00 28.00 14.00 0.78 19.00 13.00
Cadmium 6020A 0.1 47/55 0.608 1.700 0.050 0.210 E 0.140 E 0.750 E 0.150 E 1.000 0.05 U 0.260 E 0.05 U 0.120 E 0.970 0.05 U 1.100 0.05 U 0.230 E 1.300 E 1.400 E 0.800 E 0.05 U 1.400 0.410
Chromium 6020A 1 55/55 125.3 420.0 5.5 24.0 9.9 E 260.0 E 33.0 E 310.0 6.7 36.0 E 16.0 8.9 310.0 29.0 290.0 14.0 38.0 E 310.0 E 130.0 E 120.0 6.0 380.0 37.0
Copper 6020A 1 55/55 65.1 180.0 4.1 15.0 7.3 ¤ 120.0 ¤ 17.0 ¤ 120.0 8.3 17.0 ¤ 6.6 5.4 130.0 8.4 120.0 5.4 19.0 ¤ 150.0 ¤ 110.0 ¤ 69.0 4.5 140.0 19.0
Lead 6020A 1 55/55 80.1 360.0 2.9 26.0 7.3 ¤ 140.0 ¤ 12.0 ¤ 120.0 ¤N 6.6 ¤N 140.0 ¤ 7.0 4.5 160.0 ¤N 9.1 ¤N 150.0 NE 5.7 NE 27.0 ¤ 160.0 ¤ 360.0 ¤ 87.0 2.9 210.0 ¤N 35.0 ¤N
Mercury 7471A 0.02 45/55 1.332 4.300 0.010 0.400 0.044 ¤E 2.400 ¤E 0.083 ¤E 3.900 0.010 U 0.220 ¤E 0.028 0.010 U 3.000 0.010 U 2.600 0.010 U 0.190 ¤E 3.900 ¤E 2.700 ¤E 1.600 0.010 U 4.200 0.360
Nickel 6020A 1 55/55 21.2 36.0 5.6 8.5 7.7 28.0 19.0 24.0 8.4 16.0 10.0 7.8 29.0 19.0 29.0 9.4 15.0 30.0 23.0 18.0 5.6 30.0 15.0
Zinc 6020A 1 55/55 159.9 330 17 52 26 240 71 230 21 89 35 26 270 68 260 N 33 N 81 330 290 180 17 300 100
Fine Material (>50% clay/silt)
Coarse Material (<50% clay/silt)
*Undetected samples are represented as one-half of the USACE Detection Limit
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DLs are Halved* Analytical Detection # Detects/# Samples Average Max Min
USACE Parameters Method Limit
PAHs GC/MS-SIM ppb ppb ppb ppb
Naphthalene PAH SIM 20 39/55 224 5700 10
Acenaphthylene PAH SIM 20 37/55 106 690 10
Acenaphthene PAH SIM 20 23/55 34 380 10
Fluorene PAH SIM 20 32/55 53 410 10
Phenanthrene PAH SIM 20 42/55 271 1300 10
Anthracene PAH SIM 20 38/55 165 720 10
Fluoranthene PAH SIM 20 43/55 483 1800 10
Pyrene PAH SIM 20 44/55 772 4800 10
Benzo[a]anthracene PAH SIM 20 41/55 334 1500 10
Chrysene PAH SIM 20 42/55 367 1600 10
Benzo[b]fluoranthene PAH SIM 20 42/55 355 1300 10
Benzo[k]fluoranthene PAH SIM 20 40/55 357 1700 10
Benzo[a]pyrene PAH SIM 20 43/55 409 1800 10
Indeno[1,2,3-cd]pyrene PAH SIM 20 39/55 143 510 10
Dibenz[a,h]anthracene PAH SIM 20 36/55 50 190 10
Benzo[g,h,i]perylene PAH SIM 20 39/55 136 470 10
PCB Congeners GC/ECD ppb ppb ppb ppb
Total PCB (Sum of Congeners* x 2) 19/55 50 274 18
Pesticides GC/ECD ppb ppb ppb ppb
4,4'-DDD 8081A 20 0/55 10.00 10.00 10.00
4,4'-DDE 8081A 20 3/55 10.73 25.00 10.00
4,4'-DDT 8081A 20 0/55 10.00 10.00 10.00
Aldrin 8081A 20 0/55 10.00 10.00 10.00
alpha-Chlordane 8081A 20 0/55 10.00 10.00 10.00
cis-Nonachlor 8081A 0/55 0.67 0.95 0.25
Dieldrin 8081A 20 0/55 10.00 10.00 10.00
Endosulfan I 8081A 20 0/55 10.00 10.00 10.00
Endosulfan II 8081A 20 0/55 10.00 10.00 10.00
Endosulfan sulfate 8081A 20 0/55 10.00 10.00 10.00
Endrin 8081A 20 0/55 10.00 10.00 10.00
gamma-BHC 8081A 20 0/55 10.00 10.00 10.00
gamma-Chlordane 8081A 20 0/55 10.00 10.00 10.00
Heptachlor 8081A 20 0/55 10.00 10.00 10.00
Heptachlor epoxide (B) 8081A 20 0/55 10.00 10.00 10.00
Hexachlorobenzene 8081A 20 0/55 10.00 10.00 10.00
Methoxychlor 8081A 20 0/55 10.00 10.00 10.00
Oxychlordane 8081A 0/55 0.67 0.95 0.25
Technical Chlordane 8081A 0/55 66.60 95.00 24.50
trans-Nonachlor 8081A 20 0/55 10.00 10.00 10.00
Toxaphene 8081A 20 0/55 66.60 95.00 24.50
Metals ppm ppm ppm ppm
Arsenic 6020A 0.5 55/55 12.19 28.00 0.78
Cadmium 6020A 0.1 47/55 0.608 1.700 0.050
Chromium 6020A 1 55/55 125.3 420.0 5.5
Copper 6020A 1 55/55 65.1 180.0 4.1
Lead 6020A 1 55/55 80.1 360.0 2.9
Mercury 7471A 0.02 45/55 1.332 4.300 0.010
Nickel 6020A 1 55/55 21.2 36.0 5.6
Zinc 6020A 1 55/55 159.9 330 17
Fine Material (>50% clay/silt)
Coarse Material (<50% clay/silt)
*Undetected samples are represented as one-half of the USACE Detection Limit
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ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q)
130 10 U 250 10 U 10 U 10 U 10 U 10 U 10 U 90 51 10 U 56 100 76
140 10 U 170 10 U 10 U 10 U 10 U 10 U 10 U 67 47 10 U 44 54 49
25 10 U 46 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
59 10 U 97 10 U 10 U 10 U 10 U 10 U 10 U 32 10 U 10 U 10 U 32 10 U

270 10 U 490 10 U 10 U 10 U 10 U 10 U 10 U 160 84 21 87 180 110
190 10 U 270 10 U 10 U 10 U 10 U 10 U 10 U 130 56 10 U 56 110 70
430 10 U 790 10 U 10 U 10 U 10 U 10 U 20 350 160 32 180 370 160
960 10 U 990 10 U 10 U 10 U 10 U 10 U 24 380 250 41 250 450 300
470 10 U 610 10 U 10 U 10 U 10 U 10 U 10 U 170 110 10 U 130 180 120
450 10 U 670 10 U 10 U 10 U 10 U 10 U 10 U 170 110 21 120 190 160
480 10 U 590 10 U 10 U 10 U 10 U 10 U 10 U 200 110 25 120 200 160
390 10 U 500 10 U 10 U 10 U 10 U 10 U 10 U 190 110 21 120 190 200
640 10 U 690 10 U 10 U 10 U 10 U 10 U 10 U 220 150 22 170 240 180
270 10 U 310 10 U 10 U 10 U 10 U 10 U 10 U 90 69 10 U 79 83 71
90 10 U 96 10 U 10 U 10 U 10 U 10 U 10 U 28 23 10 U 25 27 23

250 10 U 280 10 U 10 U 10 U 10 U 10 U 10 U 83 68 10 U 80 78 63
ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q)

24.00 U 28.00 U 180.00 18.00 U 18.00 U 18.00 U 18.00 U 18.00 U 18.00 U 37.80 18.00 U 18.00 U 18.00 U 47.20 25.20 U
ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q

10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
1 U 1 U 1 U 0 U 0 U 0 U 0 U 0 U 0 U 0 U 0 U 0 U 0 U 0 U 1 U

10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
1 U 1 U 1 U 0 U 0 U 0 U 0 U 0 U 0 U 0 U 0 U 0 U 0 U 0 U 1 U

60 U 70 U 80 U 48 U 43 U 44 U 47 U 38 U 34 U 39 U 37 U 35 U 38 U 38 U 70 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
60 U 70 U 80 U 48 U 43 U 44 U 47 U 38 U 34 U 39 U 37 U 35 U 38 U 38 U 70 U

ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q
11.00 12.00 22.00 8.90 1.10 6.80 1.40 8.30 11.00 11.00 11.00 11.00 9.30 9.80 10.00
0.650 0.110 0.890 0.05 U 0.05 U 0.05 U 0.110 E 0.110 0.130 0.500 0.340 0.210 0.110 0.560 0.390
71.0 22.0 250.0 16.0 5.5 12.0 6.8 34.0 36.0 93.0 61.0 41.0 34.0 97.0 65.0
46.0 6.8 110.0 5.0 ¤ 4.5 ¤ 4.1 6.7 11.0 14.0 68.0 38.0 16.0 13.0 70.0 45.0 E
69.0 ¤N 7.8 ¤N 130.0 ¤N 5.6 3.1 4.7 3.3 11.0 NE 13.0 NE 68.0 NE 42.0 NE 17.0 NE 13.0 NE 68.0 NE 52.0 E

1.200 0.010 U 3.000 0.010 U 0.010 U 0.010 U 0.010 U 0.024 0.110 0.520 0.490 0.120 0.083 1.000 0.420 N
11.0 14.0 29.0 10.0 6.5 8.5 7.0 21.0 21.0 24.0 21.0 22.0 20.0 23.0 23.0 E
160 55 240 39 19 31 20 69 N 74 N 170 N 120 N 83 N 70 N 160 NE 140
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DLs are Halved* Analytical Detection # Detects/# Samples Average Max Min
USACE Parameters Method Limit
PAHs GC/MS-SIM ppb ppb ppb ppb
Naphthalene PAH SIM 20 39/55 224 5700 10
Acenaphthylene PAH SIM 20 37/55 106 690 10
Acenaphthene PAH SIM 20 23/55 34 380 10
Fluorene PAH SIM 20 32/55 53 410 10
Phenanthrene PAH SIM 20 42/55 271 1300 10
Anthracene PAH SIM 20 38/55 165 720 10
Fluoranthene PAH SIM 20 43/55 483 1800 10
Pyrene PAH SIM 20 44/55 772 4800 10
Benzo[a]anthracene PAH SIM 20 41/55 334 1500 10
Chrysene PAH SIM 20 42/55 367 1600 10
Benzo[b]fluoranthene PAH SIM 20 42/55 355 1300 10
Benzo[k]fluoranthene PAH SIM 20 40/55 357 1700 10
Benzo[a]pyrene PAH SIM 20 43/55 409 1800 10
Indeno[1,2,3-cd]pyrene PAH SIM 20 39/55 143 510 10
Dibenz[a,h]anthracene PAH SIM 20 36/55 50 190 10
Benzo[g,h,i]perylene PAH SIM 20 39/55 136 470 10
PCB Congeners GC/ECD ppb ppb ppb ppb
Total PCB (Sum of Congeners* x 2) 19/55 50 274 18
Pesticides GC/ECD ppb ppb ppb ppb
4,4'-DDD 8081A 20 0/55 10.00 10.00 10.00
4,4'-DDE 8081A 20 3/55 10.73 25.00 10.00
4,4'-DDT 8081A 20 0/55 10.00 10.00 10.00
Aldrin 8081A 20 0/55 10.00 10.00 10.00
alpha-Chlordane 8081A 20 0/55 10.00 10.00 10.00
cis-Nonachlor 8081A 0/55 0.67 0.95 0.25
Dieldrin 8081A 20 0/55 10.00 10.00 10.00
Endosulfan I 8081A 20 0/55 10.00 10.00 10.00
Endosulfan II 8081A 20 0/55 10.00 10.00 10.00
Endosulfan sulfate 8081A 20 0/55 10.00 10.00 10.00
Endrin 8081A 20 0/55 10.00 10.00 10.00
gamma-BHC 8081A 20 0/55 10.00 10.00 10.00
gamma-Chlordane 8081A 20 0/55 10.00 10.00 10.00
Heptachlor 8081A 20 0/55 10.00 10.00 10.00
Heptachlor epoxide (B) 8081A 20 0/55 10.00 10.00 10.00
Hexachlorobenzene 8081A 20 0/55 10.00 10.00 10.00
Methoxychlor 8081A 20 0/55 10.00 10.00 10.00
Oxychlordane 8081A 0/55 0.67 0.95 0.25
Technical Chlordane 8081A 0/55 66.60 95.00 24.50
trans-Nonachlor 8081A 20 0/55 10.00 10.00 10.00
Toxaphene 8081A 20 0/55 66.60 95.00 24.50
Metals ppm ppm ppm ppm
Arsenic 6020A 0.5 55/55 12.19 28.00 0.78
Cadmium 6020A 0.1 47/55 0.608 1.700 0.050
Chromium 6020A 1 55/55 125.3 420.0 5.5
Copper 6020A 1 55/55 65.1 180.0 4.1
Lead 6020A 1 55/55 80.1 360.0 2.9
Mercury 7471A 0.02 45/55 1.332 4.300 0.010
Nickel 6020A 1 55/55 21.2 36.0 5.6
Zinc 6020A 1 55/55 159.9 330 17
Fine Material (>50% clay/silt)
Coarse Material (<50% clay/silt)
*Undetected samples are represented as one-half of the USACE Detection Limit
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ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q)
62 100 130 21 130 120 160 170 200 230 390 230 230 230 160 190 180 200 270 130
64 71 110 10 U 99 110 200 150 170 190 690 230 210 280 130 130 130 96 120 130
10 U 11 U 11 U 10 U 10 U 11 U 24 30 31 47 82 66 44 47 33 43 48 49 54 10 U
10 U 26 31 10 U 31 32 39 50 48 76 100 92 66 69 52 76 88 90 84 32

120 210 220 33 210 270 330 370 330 470 580 500 450 450 350 490 630 460 510 270
68 100 140 10 U 120 120 160 230 200 260 560 270 230 250 210 290 340 250 290 160

180 310 400 45 370 420 580 630 610 770 1300 1000 820 920 740 920 1000 730 870 500
370 480 580 87 540 550 870 1200 850 1600 2900 1500 1400 1500 1100 1300 1400 1200 1200 820
200 200 240 35 230 240 390 400 360 500 1300 540 480 620 460 560 540 450 530 320
220 250 290 43 290 300 470 470 440 600 1500 670 590 760 490 600 610 480 630 370
250 260 350 36 320 350 470 560 J 470 740 J 1300 820 750 J 850 460 480 510 400 470 470
290 300 380 40 360 360 520 700 J 520 930 J 1700 930 910 J 1000 390 480 450 340 470 560
300 290 370 47 350 370 570 580 J 550 750 J 1800 730 700 J 860 560 650 640 500 610 470
95 130 100 25 100 110 170 130 J 150 170 J 320 170 180 J 200 300 310 330 240 300 120
29 38 37 10 U 34 38 56 49 J 49 61 J 120 63 63 J 70 99 100 120 83 100 41
81 120 95 29 90 100 160 120 J 140 150 J 290 150 180 J 180 320 340 360 270 340 100

ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q) ppb (Q)
25.20 U 30.60 U 41.00 23.40 U 28.80 U 32.40 U 30.60 U 67.60 28.80 U 27.00 U 60.00 53.30 51.70 32.40 U 69.20 107.70 85.00 69.20 210.40 28.80 U
ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q ppb Q

10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 25 P 10 U 21 P 10 U 10 U 10 U 10 U 24 P 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U

10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U

70 U 85 U 80 U 65 U 80 U 90 U 85 U 80 U 80 U 75 U 90 U 95 U 95 U 90 U 90 U 85 U 90 U 95 U 95 U 80 U
10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U 10 U
70 U 85 U 80 U 65 U 80 U 90 U 85 U 80 U 80 U 75 U 90 U 95 U 95 U 90 U 90 U 85 U 90 U 95 U 95 U 80 U

ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q ppm Q
11.00 12.00 11.00 12.00 12.00 13.00 11.00 9.90 14.00 15.00 14.00 15.00 15.00 15.00 15.00 18.00 17.00 18.00 22.00 13.00
0.370 0.570 0.690 0.130 0.750 0.840 0.990 0.910 1.200 1.200 1.700 1.100 1.000 0.740 1.000 1.200 1.200 1.200 1.200 0.690
64.0 110.0 120.0 35.0 130.0 160.0 120.0 120.0 200.0 210.0 180.0 230.0 220.0 130.0 210.0 290.0 290.0 320.0 420.0 120.0
40.0 E 79.0 E 83.0 E 13.0 E 88.0 E 100.0 E 77.0 E 81.0 120.0 E 110.0 110.0 E 120.0 E 120.0 82.0 E 110.0 150.0 140.0 150.0 180.0 75.0 E
45.0 E 77.0 E 90.0 E 14.0 E 93.0 E 99.0 E 95.0 92.0 130.0 E 130.0 150.0 E 150.0 E 140.0 93.0 E 130.0 150.0 150.0 150.0 170.0 82.0 E

0.500 N 0.780 N 1.300 N 0.390 N 1.600 N 1.700 N 1.400 N 1.600 2.600 N 2.000 2.800 N 2.200 N 2.000 2.400 N 2.000 3.200 2.800 3.500 4.300 1.500 N
23.0 E 27.0 E 26.0 E 19.0 E 28.0 E 30.0 E 23.0 E 21.0 28.0 E 27.0 25.0 E 30.0 E 28.0 28.0 E 30.0 33.0 31.0 33.0 36.0 25.0 E
130 190 190 73 220 230 210 190 280 270 320 260 250 220 240 280 260 280 330 200
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Parameter Analytical Detection
Method Limit Comp Avg Max 95 ucl Det. Freq # Detects/# Samples Comp Avg Max 95 ucl Det. Freq # Detects/# Samples

USACE PARAMETERS

1 PAHs GC/MS-SIM ppb

2 Naphthalene PAH SIM 20 224 5700 424 70.91% 39/55 278 5700 530.5 83.72% 36/43
3 Acenaphthylene PAH SIM 20 106 690 136 67.27% 37/55 128 690 163.2 79.07% 34/43
4 Acenaphthene PAH SIM 20 34 380 49 41.82% 23/55 41 380 59.1 51.16% 22/43
5 Fluorene PAH SIM 20 53 410 70 58.18% 32/55 62 410 84.3 67.44% 29/43
6 Phenanthrene PAH SIM 20 271 1300 344 76.36% 42/55 330 1300 414.1 88.37% 38/43
7 Anthracene PAH SIM 20 165 720 211 69.09% 38/55 200 720 253.5 81.40% 35/43
8 Fluoranthene PAH SIM 20 483 1800 612 78.18% 43/55 592 1800 738.5 90.70% 39/43
9 Pyrene PAH SIM 20 772 4800 1004 80.00% 44/55 940 4800 1211.9 90.70% 39/43

10 Benzo[a]anthracene PAH SIM 20 334 1500 427 74.55% 41/55 405 1500 513.5 86.05% 37/43
11 Chrysene PAH SIM 20 367 1600 469 76.36% 42/55 448 1600 565.2 88.37% 38/43
12 Benzo[b]fluoranthene PAH SIM 20 355 1300 446 76.36% 42/55 431 1300 535.1 88.37% 38/43
13 Benzo[k]fluoranthene PAH SIM 20 357 1700 452 72.73% 40/55 437 1700 546.2 86.05% 37/43
14 Benzo[a]pyrene PAH SIM 20 409 1800 516 78.18% 43/55 495 1800 616.4 88.37% 38/43
15 Indeno[1,2,3-cd]pyrene PAH SIM 20 143 510 178 70.91% 39/55 169 510 208.9 83.72% 36/43
16 Dibenz[a,h]anthracene PAH SIM 20 50 190 62 65.45% 36/55 59 190 72.1 76.74% 33/43
17 Benzo[g,h,i]perylene PAH SIM 20 136 470 170 70.91% 39/55 161 470 199.2 83.72% 36/43
18 PCB Congeners GC/ECD ppb
19 Total PCB (Sum of Specified Congeners x 2) 50 274 66 8.0%^ 19/55** 58.6 274.4 77.7 8.99%^ 18/43**
20 Pesticides GC/ECD ppb

21 4,4'-DDD 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
22 4,4'-DDE 8081A 20 10.7 25.0 11.5 5.45% 3/55 10.9 25.0 12.0 6.98% 3/43
23 4,4'-DDT 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
24 Aldrin 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
25 alpha-Chlordane 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
26 cis-Nonachlor 8081A 0.7 1.0 0.7 0.00% 0/55 0.7 1.0 0.8 0.00% 0/43
27 Dieldrin 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
28 Endosulfan I 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
29 Endosulfan II 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
30 Endosulfan sulfate 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
31 Endrin 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
32 gamma-BHC 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
33 gamma-Chlordane 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
34 Heptachlor 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
35 Heptachlor epoxide (B) 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
36 Hexachlorobenzene 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
37 Methoxychlor 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
38 Oxychlordane 8081A 0.7 1.0 0.7 0.00% 0/55 0.7 1.0 0.8 0.00% 0/43
39 Technical Chlordane 8081A 66.6 95.0 72.2 0.00% 0/55 73.4 95.0 79.0 0.00% 0/43
40 trans-Nonachlor 8081A 20 10.0 10.0 -- 0.00% 0/55 10.0 10.0 -- 0.00% 0/43
41 Toxaphene 8081A 20 66.6 95.0 72.2 0.00% 0/55 73.4 95.0 79.0 0.00% 0/43
42 Metals ppm

43 Arsenic 6020A 0.5 12.2 28.0 13.6 100.00% 55/55 14.3 28.0 15.5 100.00% 43/43
44 Cadmium 6020A 0.1 0.6 1.7 0.7 85.45% 47/55 0.7 1.7 0.9 95.35% 41/43
45 Chromium 6020A 1 125.3 420.0 155.2 100.00% 55/55 153.8 420.0 187.1 100.00% 43/43
46 Copper 6020A 1 65.1 180.0 78.9 100.00% 55/55 78.9 180.0 93.9 100.00% 43/43
47 Lead 6020A 1 80.1 360.0 98.8 100.00% 55/55 97.7 360.0 118.4 100.00% 43/43
48 Mercury 7471A 0.02 1.332 4.300 1.680 81.82% 45/55 1.640 4.300 2.034 93.02% 40/43
49 Nickel 6020A 1 21.2 36.0 23.3 100.00% 55/55 24.4 36.0 26.1 100.00% 43/43
50 Zinc 6020A 1 159.9 330.0 186.1 100.00% 55/55 190.5 330.0 216.5 100.00% 43/43

*Undetected samples are represented as one-half of the USACE Detection Limit.
**Represents the number of samples where at least one congener (out of 22) was detected.
^Detection frequency for Total PCBs was based on detection frequency of 22 individual congeners.

Turning Basin + Channel Samples

Weaver's Cove Energy, LLC                   Revised October 2, 2003

Statistical Summary                      
The data contained in this report shall not be reproduced or 

redistributed without the prior written consent of Weaver's Cove 
Energy, LLC.  Copyright © 2003 Weaver's Cove Energy, LLC.    

Undetects are halved*

Fines & Coarse

Turning Basin + Channel Samples

Fines 
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VERIFICATION OF SSFATE MODELING; EXTENT OF DREDGING INDUCED 
SUSPENDED SEDIMENTS IN THE TURNING BASIN AND THE S-BEND 

1.0 Overview 

During the NEPA and MEPA review processes, Weaver’s Cove Energy LLC (“Weaver’s 
Cove”) provided SSFATE modeling results that predicted that the cross-sectional area(s) of 
elevated, dredge-induced suspended sediments would be limited in extent.  The SSFATE 
model was co-developed by Applied Science Associates (“ASA”) and the U.S. Army Corps 
of Engineers Research Center in Vicksburg.  The model has been validated via previous 
field studies in estuarine and coastal waters.1  However, to verify that actual in-river extent 
of elevated dredge induced suspended sediments are consistent with cross sectional areas 
predicted by the SSFATE modeling, Weaver’s Cove is proposing to conduct a verification 
program during the initial stages of dredging in the Turning Basin and in the S-Bend.  The 
verification program will be based on measurement of total suspended solids (“TSS”). 

For purposes of the verification program, the area of elevated suspended sediment will 
continue to be defined as those locations where TSS is 10 mg/l or more above background.  
More specifically, the extent of the river cross section areas affected by dredge-induced 
elevated suspended sediment levels will be compared to the appropriate model-predicted 
cross section areas depicted on the attached Figure D.  For purposes of this measurement 
program, it is proposed that a cross-section area within a margin of +25% will be deemed 
consistent with the model-predicted cross section area. 

It is intended that the modeling verification program will be conducted in the first season 
for dredging of depositional (maintenance) sediments in the Turning Basin and in the S-
Bend.  These areas have been shown to have the largest predicted cross section areas of 
elevated, dredging induced suspended sediment levels (14% of the river cross section in the 
Turning Basin, % in the S-bend).   Affected cross sections for the other dredging elements 
are much smaller because the dredging production rates are lower and in the case of the 
Turning Basin native sediments, the coarse materials settle more quickly. The attached 
Figure 1-1, depicts the proposed dredging elements.   

The model verification program will be conducted as soon as practicable in the first 
dredging season following the achievement of steady state dredge operations at or near the 
modeled production rate.  Weaver’s Cove is proposing to conduct a total of twelve 
sampling events - six in the Turning Basin and six in the S-Bend.  In the Turning Basin, 
sampling will be conducted for slack tide, flood tide and ebb tide conditions.  In the interest 

                                                 

1 Swanson, J.C., Isaji, T., Clarke, D., and Dickerson, C., Simulations of Dredging and Dredged Material 
Disposal Operations in Chesapeake Bay, Maryland and Saint Andrew Bay, Florida.  Presented at WEDA 
XXIV/36th TAMU Dredging Seminar; July 7-9, 2004, Orlando, Florida. 
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of repeatability, this sampling sequence will be done twice (a total of six sampling events).  
The same process will be used in the S-Bend.    

The physical monitoring program described herein will not be repeated in subsequent 
dredge seasons if compliance is shown with the modeled cross sections (cross-section area 
within +25%).  However, should the physical monitoring not show compliance with the 
previously modeled cross section area, the operational restrictions outlined in Section 4.0 
below will be implemented.  In addition, the model verification effort will be extended to 
the Turning Basin native sediments during the second dredging season. 

2.0 Physical Measurement Program 

Once the dredging operations have reached a steady state condition, the physical 
measurement program will get underway.  Should unusually severe weather events occur 
(i.e., sustained heavy precipitation as may be encountered with a passing hurricane), 
sampling would be delayed until river conditions return to more normal levels.  Lastly, the 
scheduling of the field program is subject to weather conditions which will allow for safe 
operation of small boats in close proximity to dredges, barges and support vessels. 

Background TSS samples will be collected at points well upstream and downstream of the 
dredging operations.  Other river data will be accessed from the PORTS buoy south of the 
S-Bend.  An acoustic Doppler current profiler (“ADCP”) will provide basic location 
information for the verification program.  The ADCP measures acoustic backscatter 
throughout the water column by detecting suspended particle material.  The ADCP will be 
used to define the general location of the dredge-induced sediment “plume”.   

More specifically, a monitoring vessel will transect the suspended sediment plume along a 
survey line across the river (perpendicular to the tidal flow) during dredging operations.  
The ADCP backscatter signal will be viewed in real-time on a computer monitor, in order to 
identify the general three-dimensional periphery of the plume.  This ADCP information will 
then be used to position the TSS sampling locations (in the horizontal and vertical).   

Once the general periphery of the sediment plume is located in the horizontal and vertical 
using the ADCP, water samples will be collected surrounding these locations to bracket 
with greater specificity the area where TSS levels are 10 mg/l above background.  A 
sufficient density of samples (horizontal and vertical) will be collected to accurately 
characterize the plume cross section (see Figure [TBD], Conceptual Sample Transects and 
Locations).  If necessary, more than one collection boat will be used in order to gather 
reasonably contemporaneous samples.   

For sampling under all tide stages (slack, flood, ebb), dredge operations may stop for a brief 
period of time while the samples nearest the dredge bucket are safely collected.  When 
sampling under flood tide conditions, the dredge and scow will need to be positioned 
downstream of the area being dredged, so as not to block access to the “plume” area.  
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Conversely, when sampling under ebb tide conditions, the dredge and scow will need to be 
positioned upstream of the area being dredged.  It should also be recognized that sampling 
of the slack tide condition will, of necessity, be limited by the presence of the dredge and 
scow in a portion of the expected circular plume area. 

The water samples will be taken to a state certified laboratory for analysis of TSS and a 36 
hour turn-around time will be requested.  As soon as the sample results for each sample 
event are available from the lab, the results will be plotted, the plume will be mapped, and 
the cross sectional area will be computed.  The results for each sample event will be 
transmitted electronically in a format to be mutually agreed upon by DEP and Weaver’s 
Cove.  Upon completion of the entire verification program, a full report will be compiled 
and provided. 

3.0 Exceedance of Modeled Cross Sectional Area of Plume 

If the measured cross sectional area exceeds the model-predicted cross sectional area by 
more than +25% in the Turning Basin, Weaver’s Cove will take one or more of the 
following corrective actions within 24 hours of receipt of the confirming data: 

1. 

2. 

3. 

Increase bucket cycle time (hence reducing the dredging rate); or 

Reduce bucket capacity (hence reducing the dredging rate); or 

Restrict dredging during slack tide periods (ebb and flood tides provide more rapid 
dispersion): 

Within 72 hours of implementation of corrective action, the verification program for the 
Turning Basin will be repeated and the results compiled and provided to DEP.  If the initial 
corrective action does not demonstrate that the cross sectional area is consistent with the 
model (+25%), Weaver’s Cove will take further corrective action and re-test.  Should this 
re-test also not show a plume consistent with the modeled cross section, the dredging effort 
in the Turning Basin will be halted for 2 days to allow time for Weaver’s Cove and DEP to 
assess the data and agree on an appropriate course of action. 

The same corrective action logic will apply separately for the S-Bend verification program. 

Further, if the Turning Basin verification program does not demonstrate that the actual in–
river area of dredge-induced elevated suspended sediment levels is consistent with the 
modeled cross sections (+25%), the verification program will also be carried out for the 
dredging of native sediment in the Turning Basin (likely in season 2). 
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4.0 Reporting Requirements 

Verification data will be incorporated into a survey report for each monitoring event and 
will include the following elements.   

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

All monitoring data results will be forwarded to the DEP within 72 hours after the 
completion of the field monitoring event. 

Survey log noting the timing of events and relevant information.  The dredge 
equipment, bucket size, production rates, dredged material characteristics, depth of 
cut, depth of water, downtime, and other ships/tugs working in the vicinity will be 
recorded and considered when interpreting data. 

Overview figure showing the locations of monitoring and sampling. 

Profiles of ADCP backscatter measurements supporting plume definition and 
sampling locations. 

Profiles of water quality measurements characterizing the water column TSS. 

Brief discussion of results (with applied operational restrictions if a project specific 
criterion has been exceeded). 
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Weaver's Cove Energy 

Summary of Sediment Chemistry and Elutriate Results

Prepared for MA DEP May 10, 2007

(c) May 10, 2007 Weaver's Cove Energy

AL CMC AL CCC

Metals ug/L ug/L ppm Q ppm Q µg/L Q ppm Q µg/L Q ppm Q µg/L Q

Copper 4.8 3.1 83 E 13 E 21 81 26 120 21

Zinc 90 81 190 73 45 190 65 250 77

AL CMC AL CCC

Metals ug/L ug/L ppm Q µg/L Q ppm Q µg/L Q ppm Q µg/L Q ppm Q µg/L Q

Copper 4.8 3.1 36 0.63 82 1.03 120 0.68 94 1.9

Zinc 90 81 110 5 U 200 5 U 260 5 U 310 8.43

S-Bend

Tier II
1

March 2003

(0-4) (0-4)

Upper Fed Channel 

MA-7

No Tier II Elutriate 

Samples - 

See Note 12.

Sediment Elutriate

Tier III
2

Fall 2004

Sediment

East Channel 

Composite

(0-9)

 EPA 2006 WQC 

(acute and chronic)

Water Quality Criteria (0-8) (0-9)

S-Bend

MA-12

(6-8)

Upper Federal Channel 

MA-3

(0-6)

Sediment Elutriate Elutriate

East Channel 

Composite
6

Elutriate

S-Bend Composite

(includes MA-12)
5

Elutriate

Upper Federal Channel Composite 

(includes MA-3 and MA-7)
4

Lower Federal 

Channel

Composite
3

Elutriate SedimentSediment

Federal Channel

Tier II
1

March 2003

Tier III
2

Fall 2004

No Tier II Elutriate 

Samples

Lower Federal 

Channel

Sediment

Water Quality Criteria

 EPA 2006 WQC 

(acute and chronic)

Sediment Sediment Elutriate
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Weaver's Cove Energy 

Summary of Sediment Chemistry and Elutriate Results

Prepared for MA DEP May 10, 2007

(c) May 10, 2007 Weaver's Cove Energy

AL CMC AL CCC

Metals ug/L ug/L

Copper 4.8 3.1

Zinc 90 81

AL CMC AL CCC

Metals ug/L ug/L

Copper 4.8 3.1

Zinc 90 81

 EPA 2006 WQC 

(acute and chronic)

Water Quality Criteria

Water Quality Criteria

 EPA 2006 WQC 

(acute and chronic)

ppm Q µg/L Q ppm Q µg/L Q ppm Q ppm Q µg/L Q ppm Q µg/L Q

120 42 17 17 69 4.5 16 150 56

240 200 71 57 180 17 64 330 380

ppm Q µg/L Q ppm Q µg/L Q µg/L Q ppm Q µg/L Q

110 1.09 120 0.88 0.96 26 0.65

210 5.53 260 6.93 4.6 91 5 U

Sediment

Southern Turning Basin Composite 

(includes TB-3)
7

Elutriate

Access Channel 

Composite
10

See

Note 11

Wooden Pier

TB-10 Composite
9

Northern Turning Basin 

Composite

 (includes TB-11)
8

ElutriateSediment

Access Channel

(0-9) (0-9)

Turning Basin

Tier II
1

March 2003

No Tier II Elutriate 

Samples

Northern Turning Basin 

TB-11

(0-8)

Wooden Pier 

TB-10

(6-10) (8-17) (11-17)

Tier III
2

Fall 2004: Turning Basin and Access Channel;  Aug 2006: Wooden Pier

Sediment ElutriateSediment Elutriate

Southern Turning Basin

TB-3

(6-10)(0-6)(0-6)

SedimentSediment Elutriate Sediment Elutriate

ElutriateSediment Elutriate
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Weaver's Cove Energy 

Summary of Sediment Chemistry and Elutriate Results

Prepared for MA DEP May 10, 2007

(c) May 10, 2007 Weaver's Cove Energy

NOTES

U = undetected at level reported.

3.  Lower Federal Channel Composite is a composite of 5 samples: 3RI-2, 3RI-3, 3RI-4, 3RI-6, 3RI-7.

5.  S-Bend Composite is a composite of 6 samples: 3MA-11, 3MA-12, 3MA-14, 3MA-16, 3MA-18, 3MA-F.

6.  East Channel composite is a composite of 2 samples: EC-4 and EC-5.

4.  Upper Federal Channel Composite is a composite of 11 samples: 3MA-2, 3MA-3, 3MA-4, 3MA-5, 3MA-7, 3MA-8, 3MA-9, 3MA-20, 3MA-A, 3MA-B, 

3MA-D.

E = estimated due to interference

12.  MCZM sampled the East Channel sediment in 1997 and created 2 composite samples, EC-A and EC-B.  Respective copper values were 83 and 

55 ppm; respective zinc values were 270 and 180 ppm. 

11.  Chemical analysis of bulk sediment was performed on Sample TB-10 in association with the Tier II evaluation.  Additional chemical analysis was 

not required in USACE-issued Tier III Wooden Pier Sampling and Analysis Program and was therefore not conducted by Weaver’s Cove as part of the 

biological analyses for offshore disposal suitability evaluation.

(Numbers in parentheses represent depth)

8.  Northern Turning Basin is a composite of 4 samples: 3TB-7, 3TB-8, 3TB-11, and 3TB-14.

7.  Southern Turning Basin Composite is a composite of 2 samples: 3TB-3 and 3TB-4. 

2.  Tier III Samples are composites of several individual locations.

1.  Tier II Samples represent individual locations.

10.  Access Channel Composite is a composite of 5 samples: AC-1, AC-2, AC-3, AC-4, AC-5.

9.  Wooden Pier TB-10 Composite is a composite of 6 samples located near the Wooden Pier/Terminal.
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APPLIED SCIENCE 
ASSOCIATES, INC. 
 
 
70 Dean Knauss Drive 
Narragansett 
Rhode Island 
02882-1143 
USA 
 
Telephone 
401-789-6224 
Fax 
401-789-1932 
 
Email 
cswanson@appsci.com 

Weavers Cove Energy,  
Dredging Water Quality Certification 

Elutriate Dilution Analysis 
 
By: Craig Swanson, ASA 
 
Date:  May 31, 2007 
 
 
Overview 
 
During discussions with the Department of Environmental Protection (DEP) 
about the application for Water Quality Certification for the Weaver’s Cove 
Energy (WCE) dredging activities, WCE has pointed out that the results of the 
2004 and 2006 Tier III elutriate analyses indicate that trace levels of dissolved 
metals released into the water column during dredging will not result in 
exceedances of water quality standards.  DEP has asked whether WCE can 
provide further support for this conclusion in light of the different results 

obtained during the Tier II elutriate analyses conducted in 2003.  To address this 
question, ASA has conducted an analysis that compares the actual dilution effect that 
will occur within the river system during dredging operations with the extremely 
conservative dilution effect that was obtained from the laboratory-based elutriate sample 
preparation procedure. 
 
Elutriate Test Results 
 
WCE’s first elutriate analyses were completed in 2003 during the Tier II sediment 
studies.  In an elutriate test, water is mixed with sediment and the chemical properties of 
the water phase are then studied.1  While most chemical constituents in the Tier II 
elutriate samples were below the EPA acute and chronic Aquatic Life water quality 
criteria, copper and zinc concentrations exceeded the EPA criteria.2   Tier II elutriate test 
results for copper and zinc are summarized in Table 1 below.   
 

Table 1.  Summary of 2003 Tier II elutriate analyses for surface sediments 
in the Turning Basin 

Metal EPA 
Water 
Quality 
Criteria 

EPA 
Water 
Quality 
Criteria 

Southern 
Turning 
Basin 

Southern 
Turning 
Basin 

Northern 
Turning 
Basin 

Wooden 
Pier 

 Acute Chronic TB-3 
(0-6) 

TB-3 
(6-10) 

TB-11 
(11-17) 

TB-10 
(0-9) 

 (µg/L) (µg/L) (µg/L) T(µg/L) (µg/L) (µg/L) 
Copper 4.8 3.1 42 17 16 56 
Zinc 90 81 200 57 64 380 

                                                 
1 Elutriate samples were prepared by mixing sediment and water in a 1:4 ratio, mixing vigorously 
for 30 minutes, allowing the mixture to settle, and then siphoning off the supernatant for analysis. 
 
2 Zinc water quality criteria were exceeded in samples TB-10 (0-9) and TB-3 (0-6); copper water 
quality criteria were exceeded in each of the 7 elutriate samples. 
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The highest Tier II elutriate concentrations measured for both copper and zinc occurred 
when evaluating sediments collected near the Wooden Pier (sample location TB-10).  
The existing Wooden Pier is located adjacent to the proposed LNG terminal site on the 
federal Turning Basin.   
 
In 2004, the Project conducted an extensive Tier III sediment study in support of its 
proposal for ocean disposal of suitable sediments.  Further elutriate testing was 
conducted during the 2004 Tier III evaluation.  Elutriate testing was conducted using 
sediments collected in the Turning Basin with the exception of the area immediately 
around sample location TB-10.  Sediments from the location TB-10 were subsequently 
sampled and tested during the further Tier III studies conducted in 2006.  
 
In contrast to the initial 2003 Tier II elutriate results, the 2004 and 2006 Tier III elutriate 
results were below the acute and chronic Aquatic Life criteria for all constituents 
measured (including copper and zinc).  More specifically, the 2006 TB-10 Tier III 
elutriate results for zinc were a factor of 10 lower than acute and chronic Aquatic Life 
criteria, while the 2006 TB-10 Tier III elutriate results for copper were a factor of three 
lower than the acute and chronic Aquatic Life criteria.   
 
Notwithstanding the clear indication from the 2004 and 2006 Tier III elutriate results that 
trace levels of dissolved metals released into the water column during dredging will not 
result in exceedances of water quality standards, DEP has requested additional analysis 
that would support this conclusion in light of the earlier Tier II (2003) analyses.   
 
To address this question, ASA has evaluated how the dilution effect within the river 
system that will occur during dredging operations compares to the conservative dilution 
(4 to 1 ratio of water to sediment) used during the laboratory based elutriate test 
procedure.  As noted above, the highest elutriate concentrations for both copper and 
zinc occurred when testing Wooden Pier (TB-10) samples collected from a location 
immediately adjacent to the Turning Basin.  The analysis presented below is based on 
these 2003 Tier II TB-10 sediment testing results.  Accordingly, this analysis represents 
the most conservative (worst case) calculation of potential effects. 
 
Calculation of Dilution of Dissolved Phased Copper and Zinc During Dredging 
 
Absent any consideration of in river dilution, elutriate results provide an extremely 
conservative assessment of potential dissolved phase metals during dredging.  Elutriate 
preparation involves significant agitation of sediment and river water, much more mixing 
than will occur during the mechanical dredging technique proposed by Weaver’s Cove 
(especially when considering Weaver’s Cove’s commitment to use a closed bucket and 
to allow no deliberate scow overflow).  The elutriate preparation for Tier II (2003) and 
Tier III (2004 and 2006) analyses included mechanically and physically mixing one part 
sediment to four parts water for the intended purpose of encouraging greater dissolution 
of chemical constituents in the sediments into the water column.  The effect is similar to 
hydraulically dredging with subsequent pumping of the dredged material slurry through a 
pipe to a remote disposal location.  Mechanical dredging, as proposed by Weaver’s 
Cove, will result in significantly less water/sediment interface.  Therefore, the elutriate 
preparation and subsequent analytical results reported in the Tier II and Tier III testing 
programs both significantly over-predicted chemical concentrations dissolved in the 
water column.   
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The following calculations provide an estimate of the effects of dilution on copper and 
zinc (or other chemical constituents) that may be released during dredging activities.  
The approach for calculating the likely dilution that would occur during actual dredging 
uses the simple 1-dimensional advection-diffusion equation that simulates the release of 
a constituent in a flowing body of water.  The results indicate concentration as a function 
of distance from the dredge.  The highest concentration is located at the dredging source 
location.  Accordingly, this analysis will focus on the near dredge area.  The constituent 
source strength is based on measured elutriate concentrations described below.  
 
The 1-dimensional advection-diffusion equation is given as: 
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where 

C is constituent concentration (µg/L, microgram per liter) 
U is current speed (m/s, meters/second) 
D is longitudinal diffusivity (m2/s) 
t is time (s, seconds) 
x is downstream distance (m, meters) 

 
The solution of this equation is given in Ward and Espey (1971) in terms of the error 
function 
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where 

W is source mass rate (µg/s) 
A is cross sectional area (m2) 

 
The total source mass rate is taken from the SSFATE3 input for dredging of surface 
sediments in the Turning Basin.  This location has the highest production rate (10,000 
yds3/day) of the four dredging reaches.4  The cross sectional area is defined as the 
water depth times the plume width.  The water depth is nominally 33 ft (10 m) and the 
minimum width of the resulting plume is 3 m, approximately the width of the 26 yd3 
bucket used for dredging these sediments.  In this analysis, the “plume” width is 
associated with the physical point of dredging, as compared to the larger areas of 
dredging-induced “plumes” described in the MEPA filings.  Thus, the production rate is a 
conservatively high estimate and the plume width is a conservatively low estimate, 
resulting in the most conservative concentration estimate. 
 
The source mass rate and cross sectional area are related to the portion of the water 
column where sediment is released.  Table 2 summarizes these areas and rates taken 
                                                 
3 The SSFATE model has been extensively discussed in the permitting record for Weaver’s Cove 
and that discussion is not repeated here. 
 
4 Concentration scales linearly with dredge production rate (lower dredging rates lower 
concentrations) 
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from the SSFATE model inputs for each layer of the water column.  The total release 
rate of sediment into the water column is 1.32% of the dredging rate5 or 0.001168 m3/s. 
 

Table 2.  Summary of inputs from SSFATE model used in this analysis. 
Layer % of 10 m 

Water Depth 
Layer 

Thickness 
% of Total 

Release Rate 
Layer Release 

Rate 
  (m)  (m3/s) 
Surface 20 2 20 0.000234 
Mid 60 6 30 0.000350 
Bottom 20 2 50 0.000584 
 
The metals release rates are determined from the sediment loss rate and the elutriate 
concentration.  Since the elutriate concentration for dissolved metals is based on a 
volume mixture of 1 L of sediments to 4 L of water, the metals release rate, or model 
source strength, is found by multiplying four times the elutriate concentration, converting 
units, and multiplying by the sediment release rate.  The results are shown in Table 3.   
 
Table 3.  Copper and zinc source strengths for Wooden Pier TB-10 (0-9) sample  

Layer Sediment 
Release Rate 

Copper Source 
Strength 

Zinc Source 
Strength 

 (m3/s) (µg/s) (µg/s) 
Surface 0.000234 52.3 355.1 
Mid 0.000350 78.5 532.7 
Bottom 0.000584 130.8 887.8 

 
Using the copper and zinc source strengths and the appropriate cross section areas in 
the equation for concentration, the following results (Table 4) were obtained for the three 
layers.  The sensitivity to ambient river currents (from 10 cm/s6 to 60 cm/s taken from 
previous field observations and modeling (Swanson et al., 2003) is also shown, as are 
the EPA Acute and Chronic Water Quality Criteria for comparison.    
 

                                                 
5 Here again, this analysis uses a very conservative (high) estimate of sediment release rate.  
ASA believes this release rate is roughly six times greater than predicted values.  The 
conservative nature of this release rate has been extensively discussed during the permitting 
review of the Weaver’s Cove project and is not repeated here.   
 
6 10 cm/s is approximately 19.7 ft/min or 0.22 miles/hr; 60 cm/s is approximately 118 ft/min or 
1.34 miles/hr. 
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Table 4.  Peak concentrations of copper and zinc for modeled layers at the dredge 
site and at a range of ambient river current conditions.  

Layer Ambient 
Current 

Peak Copper 
Concentration 

Peak Zinc 
Concentration 

 (cm/s) (µg/L) (µg/L) 
Surface 10 0.080 0.54 
 20 0.044 0.30 
 30 0.029 0.20 
 40 0.022 0.15 
 50 0.017 0.12 
 60 0.015 0.10 
Mid 10 0.040 0.27 
 20 0.022 0.15 
 30 0.015 0.10 
 40 0.011 0.07 
 50 0.007 0.06 
 60 0.007 0.05 
Bottom 10 0.200 1.36 
 20 0.109 0.74 
 30 0.073 0.49 
 40 0.055 0.37 
 50 0.044 0.30 
 60 0.036 0.25 
EPA Acute (WQC)  4.8 90 
EPA Chronic WQC  3.1 81 

 
Based upon these calculations, it can be clearly seen that the peak concentrations from 
the release of dissolved phase copper and zinc during actual dredging will be 
significantly below the EPA chronic and acute water quality criteria within the immediate 
area of the dredge, and beyond, when the real world effects of dredging technique and 
ambient dilution are considered.  Thus, the impacts from trace levels of metals release 
into the water column during dredging operations are shown to be insignificant and much 
lower than the levels measured during the very conservative elutriate testing program. 
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Summary of Lab QA/QC for Qualified Metals Data 
Weaver’s Cove Tier II Sediment Chemistry Results (March 2003) 
Prepared for MA DEP Based on Questions at the April 28, 2007 WQC Meeting 

 
1.0 Preamble 

The Massachusetts Department of Environmental Protection (MA DEP) requested additional 
information regarding the qualification of metals analytical data for sediment samples 
collected by Weaver’s Cove Energy (“Weaver’s Cove”) during its Tier II Evaluation 
performed in 2003.  Specifically, MADEP requested detailed results of the Quality Control 
(“QC”) analyses and an assessment of the potential for a “low bias” in the metals data.  This 
document has been prepared by Weaver’s Cove to respond to this MA DEP inquiry. 

During the 2003 Tier II evaluation, Weaver’s Cove performed a vigorous sediment 
characterization by individually analyzing 55 discrete sediment stratum samples collected 
at 43 core locations within the proposed dredging limits.  Section 5 of Weaver’s Cove’s 
Dredging Program, dated December 2003, provides a summary of the field efforts and the 
physical and chemical results of this comprehensive sediment characterization.  This 
sediment characterization was performed in strict accordance with a U.S. Army Corps of 
Engineers (“USACE”)-issued Sampling and Analysis Plan specific to this effort.   

Subsequent to the Tier II Evaluation, Weaver’s Cove performed a Tier III Evaluation in 2004 
in accordance with a second USACE-issued Sampling and Analysis Plan.  In the Tier III 
Evaluation, sediment was collected from multiple core locations and then composited to 
generate 7 composite samples, each representative of a geographic area within the dredging 
footprint (i.e, Northern Turning Basin, Southern Turning Basin, Access Channel, S-Bend, 
East Channel, Upper Federal Channel, Lower Federal Channel).  Each of the 7 composite 
samples was chemically analyzed.  Both the Tier II and Tier III Evaluations were conducted 
in accordance with federal and regional guidance manuals, including the 
USACE/Environmental Protection Agency (“EPA”) Regional Implementation Manual for 
Evaluating Dredged Material for Disposal in New England (“RIM”).   

As detailed below, comparing the analytical results from the Tier II and Tier III Evaluations1 
demonstrates that qualified metals values are similar to non-qualified Tier II and Tier III 
data, with no indication of a low bias.  This comparison demonstrates the consistency of the 
sediment characterization, and, in turn, the quality and reliability of the analytical results.  
To echo these findings, in their jointly-issued Suitability Determination, the USACE and EPA 
stated that the sediments have been adequately and thoroughly characterized. 

                                                 
1 The Tier II and Tier III Evaluations sampled  virtually the same sediment, though as individual samples from 
each stratum in Tier II versus composited samples from each stratum in Tier III. 
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2.0 Discussion of Qualified Data 

The Tier II metals sediment data for the Weaver’s Cove evaluation contain three types of 
qualifications.  These qualifications are detailed below.   

E - Estimated due to Interference: 

The “E” qualifier pertains to results of the serial dilution analysis, which is a measure of 
potential bias.  As part of the laboratory’s QC procedures, a serial dilution analysis is 
performed once with each “batch” of samples or every 20 samples, whichever is less.  The 
results of the serial dilution analysis are then applied to all the samples in the batch.  To 
perform the serial dilution analysis, the selected sample is first run “straight” (e.g., 
undiluted) and then with a 1:5 dilution.  The sample result and serial dilution result are then 
compared on a parameter by parameter basis by calculating a Relative Percent Difference 
(“RPD”) between the two values.  Parameters with a RPD above the QC acceptance limits 
of 10% result in qualification of all samples in the batch as estimated data (“E”).   If the RPD 
is greater than 10% and the serial dilution result is greater than the sample result, the 
sample result has a potential low bias.  If the RPD is greater than 10% and the serial dilution 
result is less than the sample result, the sample result has a potential high bias. 

For the Weaver’s Cove Tier II evaluation, comparison of the sample result and the serial 
dilution result2 was greater than the 10% method acceptance limit for the following metals:  

Cadmium:  
♦ The difference between the sample result and serial dilution result was 12% and 

greater than the 10% method acceptance limit.  Sample result: 0.23 ppm; serial 
dilution result: 0.20 ppm.  The following samples were qualified for a potential high 
bias: Turning Basin [TB-2(0-6),TB-3(0-6),TB-3(6-10),TB-5(0-4),TB-9(0-4),TB-10(0-
9),TB-10(9-22)]; S-Bend [none]; MA Federal Channel [none]; Rhode Island [none]. 

 
♦ The difference between the sample result and serial dilution result was 20% and 

greater than the 10% method acceptance limit.  Sample result: 0.16 ppm; serial 
dilution result: 0.19 ppm.  The following samples were qualified for a potential low 
bias: Turning Basin [TB-1(0-9),TB-6 (13-15),TB-11(0-8),TB-11(8-17),MA-19(4-13)]; S-
Bend [none]; MA Federal Channel [none]; Rhode Island [none]. 

 

                                                 
2 Serial dilution analyses were conducted on samples: RI-7(0-6) [for batch with 11% lead difference]; MA 
CAD-2(0-10) [for batch with 20% cadmium difference]; TB-9(0-4) [for batch with 12% cadmium difference; 
12% chromium difference; 17% mercury difference]; MA-3(6-8) [for batch with 15% copper difference; 16% 
lead difference; 12% nickel difference]. 
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Chromium:  
♦ The difference between the sample result and serial dilution result was 12% and 

greater than the 10% method acceptance limit.   Sample result: 38 ppm; serial 
dilution result: 43 ppm.  The following samples were qualified for a potential low 
bias: Turning Basin [TB-2(0-6),TB-3 (0-6),TB-3(6-10),TB-5(0-4),TB-9(0-4),TB-10(0-
9),TB-10(9-22)]; S-Bend [none]; MA Federal Channel [none]; Rhode Island [none]. 

 
Copper:  

♦ The difference between the sample result and serial dilution result was 15% and 
greater than the 10% method acceptance limit.   Sample result: 13 ppm; serial 
dilution result: 15 ppm.  The following samples were qualified for a potential low 
bias: Turning Basin [none]; S-Bend [MA-10(0-3),MA-11(0-9),MA-13(0-9)],  MA 
Federal Channel [MA-1(0-8),MA-2(0-5),MA-3(0-6),MA-3(6-8),MA-4(0-8),MA-5(0-
5),MA-6(0-3),MA-8(0-5),MA-20(0-8)]; Rhode Island [RI-8(0-6)].  

 
Lead:  

♦ The difference between the sample result and serial dilution result was 11% and 
greater than the 10% method acceptance limit.  Sample result: 68 ppm; serial 
dilution result: 75 ppm.  The following samples were qualified for a potential low 
bias: Turning Basin [TB-8(0-8),TB-8(8-9)]; S-Bend [none]; MA Federal Channel 
[none]; Rhode Island [RI-1(0-6),RI-2(0-4),RI-3(0-5),RI-4(0-5),RI-5(0-5),RI-6(0-6), RI-
7(0-6)]. 

 
♦ The difference between the sample result and serial dilution result was 16% and 

greater than the 10% method acceptance limit.  Sample result: 14 ppm; serial 
dilution result: 16 ppm.  The following samples were qualified for a potential low 
bias: Turning Basin [none]; S-Bend [MA-10 (0-3),MA-11(0-9),MA-13(0-9)]; MA 
Federal Channel [MA-1(0-8),MA-2(0-5),MA-3(0-6),MA-3(6-8),MA-4(0-8),MA-5(0-
5),MA-6(0-3),MA-8(0-5),MA-20(0-8)]; Rhode Island [RI-8(0-6)]. 

 
Mercury: 

♦ The difference between the sample result and serial dilution result was 17% and 
greater than the 10% method acceptance limit.  Sample result: 0.19 ppm; serial 
dilution result: 0.22 ppm.  The following samples were qualified for a potential low 
bias: Turning Basin [TB-2(0-6),TB-3 (0-6),TB-3(6-10),TB-5(0-4),TB-9(0-4),TB-10(0-
9),TB-10(9-22)]; S-Bend [none]; MA Federal Channel [none]; Rhode Island [none]. 

 
Nickel:  

♦ The difference between the sample result and serial dilution result was 12% and 
greater than the 10% method acceptance limit.  Sample result: 19 ppm; serial 
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dilution result: 22 ppm.  The following samples were qualified for a potential low 
bias: Turning Basin [none]; S-Bend [MA-10 (0-3),MA-11(0-9),MA-13(0-9)]; MA 
Federal Channel [MA-1(0-8),MA-2(0-5),MA-3(0-6),MA-3(6-8),MA-4(0-8),MA-5(0-
5),MA-6(0-3),MA-8(0-5),MA-20(0-8)]; Rhode Island [RI-8(0-6)]. 

 
Implications: For all qualified parameters, the differences between the sample and serial 
dilution results are not significant, indicating no significant bias to the data.  Further, the 
parameters with the greatest percent difference between the sample result and serial 
dilution result – lead, mercury, and cadmium – had concentrations consistent with the 
unqualified data in the Tier II Evaluation and within the concentration range of the 
composited sample results of the Tier III Evaluation (as further discussed in the Comparison 
section below).     

N – Spike Recovery outside Control Limits: 

The “N” qualifier pertains to the spike analysis, which is a measure of potential bias.  For 
this analysis, known concentrations of target analytes are added to a sample (the “spike”), 
which is then analyzed.  The intention for the spike analyses is a means to assess the 
accuracy of the lab equipment by testing for known concentrations.  As part of the 
laboratory’s QA/QC procedures, a spike analysis was run with each “batch” of samples or 
every 20 samples, whichever is less.  Therefore, biases due to spike analyses result in 
qualified data for all of the samples in the associated batch on a parameter by parameter 
basis.  The QC limits for spike recovery are 75-125%.   Samples associated with the spike 
recovered outside the QC limits are qualified data (“N”).   Higher recovery than the QC 
limits indicates a potential high bias, lower recovery than the QC limits indicates a potential 
low bias.   

For the Weaver’s Cove Tier II Evaluation, the spike was recovered outside the QC limits for 
three metals3:  

Lead:  
♦ Recovery of lead from the spike sample was 74% and outside of the 75% - 125% 

method acceptance range.  The following samples were qualified:  Turning Basin 
[TB-8(0-8),TB-8(8-9)]; S-Bend [none]; MA Federal Channel [none]; Rhode Island [RI-
1(0-6),RI-2(0-4),RI-3(0-5),RI-4(0-5),RI-5(0-5),RI-6(0-6),RI-7(0-6)]. 

 
♦ Recovery of lead from the spike sample was 57% and outside of the 75% - 125% 

method acceptance range.  The following samples were qualified: Turning Basin 
[TB-4(0-6),TB-4(6-10),TB-7(0-10),TB-7(10-14),TB-12(0-3),TB-12(3-12),TB-13(0-2),TB-

                                                 
3 Spike analyses were conducted on samples: RI-7(0-6) [for batch with 74% recovery of lead and zinc]; TB-
12(0-3) [for batch with 57% lead recovery]; MA-3(0-6) [for batch with 67% mercury recovery]. 
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13(2-11),TB-14(0-12)]; S-Bend [none]; MA Federal Channel [none]; Rhode Island 
[none]. 

 
Mercury: 

♦ Recovery of mercury from the spike sample was 67% and outside of the 75% - 
125% method acceptance range.  The following samples were qualified: Turning 
Basin [none]; S-Bend [MA-10 (0-3),MA-11(0-9),MA-13(0-9)]; MA Federal Channel 
[MA-1(0-8),MA-2(0-5),MA-3(0-6),MA-3(6-8),MA-4(0-8),MA-5(0-5),MA-6(0-3),MA-8(0-
5),MA-20(0-8)]; Rhode Island [RI-8(0-6)]. 

 
Zinc:  

♦ Recovery of zinc from the spike sample was 74% and outside of the 75% - 125% 
method acceptance range.  The following samples were qualified: Turning Basin 
[TB-8(0-8),TB-8(8-9)]; S-Bend [none]; MA Federal Channel [none]; Rhode Island [RI-
1(0-6), RI-2(0-4), RI-3(0-5),RI-4(0-5),RI-5(0-5),RI-6(0-6),RI-7(0-6)].   

 
Implications:  The spike analyses associated with listed Zinc and Lead samples with 74% 
recovery do not have significant bias, as the recovery of 74% is insignificantly different than 
the acceptance range of 75%.  The Lead samples associated with a 57% recovery indicate a 
potential low bias confined to approximately one-third of the samples in the Turning Basin.  
The Mercury samples in the S-Bend and Federal Channel associated with a 67% recovery 
indicate a potential low bias.  However, the qualified data for Lead and Mercury had 
concentrations consistent with the unqualified data in the Tier II Evaluation and within the 
concentration range of the composited sample results of the Tier III Evaluation.  It is clear 
that the Tier II qualified results are consistent with the unqualified data and are therefore 
representative of the parameter concentration (see the Comparison section below).    

¤  - Duplicate outside control limits: 

The ¤ qualifier pertains to the duplicate analysis, which measures precision, or 
repeatability, of laboratory measurements.  A sample is homogenized, two aliquots are 
prepared and analyzed, and the results are compared.4  The inherent variability of 
environmental samples can affect these results.  The associated QC standard is a relative 
percent difference (RPD) between the sample and duplicate of 20% or less.  The result of a 
single duplicate analysis is applied to the entire sample batch (approximately 20 samples).  
Parameters with a RPD greater than 20% are qualified data (“¤”).   

                                                 
4 No spiking is involved in the duplicate analysis procedure, which follows the USACE/EPA Regional 
Implementation Manual’s Quality Assurance guidelines as presented in the RIM Appendix II (Table II-5).   
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For the Weaver’s Cove Tier II Evaluation, three metals had a RPD greater than the 20% QC 
limit and resulted in a qualification of the entire batch of samples as identified below5:    

Copper: 
♦ The RPD between replicates was 23% and higher than the 20% method acceptance 

limits.  Sample result: 7.3 ppm; duplicate result: 5.8 ppm.  The following samples 
were qualified: Turning Basin [TB-15(0-3),TB-15(5-11)]; S-Bend [none]; MA Federal 
Channel [none]; Rhode Island [none]. 

 
♦ The RPD between replicates was 25% and higher than the 20% method acceptance 

limits.  Sample result: 19 ppm; duplicate result: 15 ppm.  The following samples 
were qualified: Turning Basin [TB-2(0-6),TB-3 (0-6),TB-3(6-10),TB-5(0-4),TB-9(0-
4),TB-10(0-9),TB-10(9-22)]; S-Bend [none]; MA Federal Channel [none]; Rhode 
Island [none]. 

 
Lead:  

♦ The RPD between replicates was 21% and higher than the 20% method acceptance 
limits.  Sample result: 27 ppm; duplicate result: 22 ppm.  The following samples 
were qualified: Turning Basin [TB-2(0-6),TB-3 (0-6),TB-3(6-10),TB-5(0-4)TB-9(0-
4),TB-10(0-9),TB-10(9-22)]; S-Bend [none]; MA Federal Channel [none]; Rhode 
Island [none]. 

 
♦ The RPD between replicates was 24% and higher than the 20% method acceptance 

limits.  Sample result: 210 ppm; duplicate result: 170 ppm.  The following samples 
were qualified: Turning Basin [TB-4(0-6),TB-4(6-10),TB-7(0-10),TB-7(10-14),TB-12(0-
3),TB-12(3-12),TB-13(0-2),TB-13(2-11),TB-14(0-12)]; S-Bend [none]; MA Federal 
Channel [none]; Rhode Island [none]. 

 
Mercury: 

♦ The RPD between replicates was 31% and higher than the 20% method acceptance 
limits.  Sample result: 0.19 ppm; duplicate result: 0.26 ppm.  The following samples 
were qualified: Turning Basin [TB-2(0-6),TB-3 (0-6),TB-3(6-10),TB-5(0-4),TB-9(0-
4),TB-10(0-9),TB-10(9-22)]; S-Bend [none]; MA Federal Channel [none]; Rhode 
Island [none]. 

 
Implications:  For listed Copper and Lead samples, the RPDs between the sample and 
duplicate are similar to the QC limits, indicating reasonable duplication and associated 

                                                 
5 Duplicate analyses were conducted on samples: TB-12(0-3) [for batch with 24% lead RPD]; MACAD-1(0-6) 
[for batch with 23% copper RPD]; TB-9(0-4) [for batch with 25% copper RPD; 21% lead RPD; 31% mercury 
RPD]. 
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laboratory precision.  Selected Mercury samples in the Turning Basin exhibit somewhat less 
laboratory precision; however, the mercury analytical results were consistent with 
unqualified Tier II and Tier III analytical results.   

3.0 Comparison between Tier II and Tier III Analytical Results 

To further assess the potential for bias to the data, Weaver’s Cove compared the Tier II 
qualified data to the Tier II unqualified data as well as the Tier III unqualified6 data (Tier III 
data are provided as Attachment 4).   Weaver’s Cove chose the three parameters with the 
“most qualified” results7 to assess the potential for concentrations to be biased low – Lead, 
Mercury, and Cadmium.     

Attached are three graphs8 showing the Tier II qualified Lead, Mercury, and Cadmium data 
plotted and compared to: 

1. Non-qualified individual sample values collected during the Tier II evaluation, 
grouped by geographic area9; and  

 
2. Non-qualified composite values collected during the Tier III evaluation in the same 

geographical area.   Lines are used to represent the range of values for Tier III 
composites in each geographical area.  

 
The graphs clearly demonstrate that: 
 

1. Qualified Lead, Mercury, and Cadmium values are similar to non-qualified Tier II 
concentrations within the same geographical area and do not show a pervasive low 
bias. 

 
2. Qualified Lead, Mercury, and Cadmium values are generally within the range of 

values observed in composite samples collected during the Tier III Evaluation and 
do not show a low bias. 

                                                 
6 No Tier III metals data are qualified (other than U – Undetected). 
 
7 Weaver’s Cove selected Lead, Mercury, and Cadmium as the parameters to study in this comparison as 
these parameters represented both the greatest difference between the quality assurance limit and the 
analytical testing result as well as the frequency for having multiple qualifiers across the data set. 
 
8 The graphs depict the following data types: non-qualified data (navy blue), data qualified with an “E” 
(turquoise), and data qualified with an “N” (yellow).  The range of values in the Tier III composites for each 
dredging element are shown in red. 
 
9 Rhode Island, Federal Channel, and Turning Basin. 
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4.0 Conclusions 

The QC limit exceedances associated with most of the Tier II qualified data points do not 
indicate significant bias.  To be conservative, the possibility of actual bias was further 
evaluated by comparing qualified data to non-qualified data from existing datasets.  The 
results of the QC analysis and comparison with non-qualified data from the Tier II and Tier 
III evaluations demonstrate that there is no significant low bias to the Tier II data.  The Tier 
II data provide an adequate and representative characterization of the Project sediment.   

 
 
ATTACHMENTS: 

1. Graph – Mercury in Tier II and Tier III Sediment Samples 
2. Graph – Lead in Tier II and Tier III Sediment Samples 
3. Graph – Cadmium in Tier II and Tier III Sediment Samples 
4. Table – Tier III Sediment Chemistry Results   
 



 
 
 
 
 
 

Attachment 1 

Graph - Mercury in Tier II and Tier III Sediment Samples 
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Graph - Lead in Tier II and Tier III Sediment Samples 
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Lead in Tier II and Tier III Sediment Samples

0

50

100

150

200

250

300

350

400

R
I-1

(0
-6

)
R

I-2
(0

-4
)

R
I-3

(0
-5

)
R

I-4
(0

-5
)

R
I-5

(0
-5

)
R

I-6
(0

-6
)

R
I-7

 (0
-6

)
R

I-8
(0

-6
)

M
A

-1
(0

-8
)

M
A

-2
(0

-5
)

M
A

-3
(0

-6
)

M
A

-3
(6

-8
)

M
A

-4
(0

-8
)

M
A

-5
(0

-5
)

M
A

-6
(0

-3
)

M
A

-7
(0

-4
)

M
A

-8
(0

-5
)

M
A

-9
(0

-4
)

M
A

-2
0(

0-
8)

M
A

-1
0(

0-
3)

M
A

-1
1(

0-
9)

M
A

-1
2(

0-
9)

M
A

-1
3(

0-
9)

M
A

-1
4(

0-
8)

M
A

-1
5(

0-
10

)
M

A
-1

6(
0-

9)
M

A
-1

7(
0-

10
)

M
A

-1
8(

0-
13

)

TB
-1

(0
-9

)
TB

-2
(0

-6
)

TB
-3

(0
-6

)
TB

-3
(6

-1
0)

TB
-4

(0
-6

)
TB

-4
(6

-1
0)

TB
-5

(0
-4

)
TB

-6
(0

-1
3)

TB
-6

(1
3-

15
)

TB
-7

( 0
-1

0)
TB

-7
(1

0-
14

)
TB

-8
(0

-8
)

TB
-8

(8
-9

)
TB

-9
(0

-4
)

TB
-1

0(
0-

9)
TB

-1
0(

9-
22

)
TB

-1
1(

0-
8)

TB
-1

1(
8-

17
)

TB
-1

2(
0-

3)
TB

-1
2(

3-
12

)
TB

-1
3(

0-
2)

TB
-1

3(
2-

11
)

TB
-1

4(
0-

12
)

TB
-1

5(
0-

3)
TB

-1
5(

5-
11

)
M

A
-1

9(
0-

4)
M

A
-1

9(
4-

13
)

Le
ad

 (p
pm

) Tier 2 - No Q
Tier 2 - N
Tier 2 - E
Tier 3

Rhode Island Federal Channel Turning Basin

Tier 3 Composite Values

Tier 3 Composite Value

Tier 3 Composite Values



 
 
 
 
 
 

Attachment 3 

Graph - Cadmium in Tier II and Tier III Sediment Samples 
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Cadmium in Tier II and Tier III Sediment Samples
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Table – Tier III Sediment Chemistry Results 
 



Weaver’s Cove Energy 
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Tier III Bulk Chemistry Results Summary
Weaver's Cove Energy, LLC

Prepared May 2, 2005

Analytical Reporting
Method Limit*

PAHs GC/MS-SIM ppb ppb (Q) ppb (Q) ppb (Q)

Naphthalene 8270 10 190 52 120
Acenaphthylene 8270 10 170 34 69
Acenaphthene 8270 10 66 13 U 26
Fluorene 8270 10 100 24 42
Phenanthrene 8270 10 600 120 260
Anthracene 8270 10 260 61 100
Fluoranthene 8270 10 1100 180 430
Pyrene 8270 10 1400 350 640
Benzo[a]anthracene 8270 10 560 120 250
Chrysene 8270 10 700 140 300
Benzo[b]fluoranthene 8270 10 650 120 280
Benzo[k]fluoranthene 8270 10 520 120 230
Benzo[a]pyrene 8270 10 710 150 320
Indeno[1,2,3-cd]pyrene 8270 10 470 91 200
Dibenz[a,h]anthracene 8270 10 150 30 66
Benzo[g,h,i]perylene 8270 10 500 100 230
PCB Congeners GC/ECD ppb ppb (Q) ppb (Q) ppb (Q)

BZ 8* 8082 1 3.6 1.3 U 2.5
BZ 18* 8082 1 1.7 U 1.3 U 1.5 U
BZ 28* 8082 1 4.2 1.3 U 3.3
BZ 44* 8082 1 2.4 1.3 U 1.5 U
BZ 49 8082 1 3.8 1.3 U 1.9
BZ 52* 8082 1 5.1 1.3 U 6.9
BZ 66* 8082 1 4.9 1.3 U 1.5 U
BZ 87 8082 1 2.8 1.3 U 1.7
BZ 101* 8082 1 11 1.3 U 5.1
BZ 105* 8082 1 3.5 I 1.3 U 1.9 I
BZ 118* 8082 1 9.2 1.3 U 5
BZ 128* 8082 1 1.7 U 1.3 U 1.5 U
BZ 138* 8082 1 12 I 1.3 U 6.4 I
BZ 153* 8082 1 6.2 1.3 U 3.8
BZ 170* 8082 1 4 1.3 U 1.5 U
BZ 180* 8082 1 6.5 I 1.3 U 2.2 I
BZ 183 8082 1 1.7 U 1.3 U 1.5 U
BZ 184 8082 1 1.7 U 1.3 U 4.3 P
BZ 187* 8082 1 1.7 U 1.3 U 2.6 I
BZ 195* 8082 1 1.7 U 1.3 U 1.5 U
BZ 206* 8082 1 4.2 1.3 U 2.2
BZ 209* 8082 1 3.7 1.3 U 1.8
Total PCB (Sum of Congeners* x 2) 174.6 46.8 105.4

Access Channel 
Composite

Parameter

Upper Federal 
Channel 

Composite

S-Bend 
Composite
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Weaver’s Cove Energy 
Dredging Program © 2007

Tier III Bulk Chemistry Results Summary
Weaver's Cove Energy, LLC

Prepared May 2, 2005

PAHs
Naphthalene
Acenaphthylene
Acenaphthene
Fluorene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benzo[a]anthracene
Chrysene
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[a]pyrene
Indeno[1,2,3-cd]pyrene
Dibenz[a,h]anthracene
Benzo[g,h,i]perylene

PCB Congeners
BZ 8*
BZ 18*
BZ 28*
BZ 44*
BZ 49
BZ 52*
BZ 66*
BZ 87
BZ 101*
BZ 105*
BZ 118*
BZ 128*
BZ 138*
BZ 153*
BZ 170*
BZ 180*
BZ 183
BZ 184
BZ 187*
BZ 195*
BZ 206*
BZ 209*
Total PCB (Sum of Congeners* x 2)

Parameter

ppb (Q) ppb (Q) ppb (Q) ppb (Q)

39 390 290 240
21 390 200 180
14 U 130 78 78
14 U 170 110 82
69 1000 670 510
29 660 300 360

110 1800 1200 920
170 2700 1600 1200

63 1200 650 560
77 1300 800 740
78 820 690 600
72 880 690 520
88 1300 830 720
64 660 540 410
21 240 180 130
70 690 560 490

ppb (Q) ppb (Q) ppb (Q) ppb (Q)

1.8 2.6 3.8 3.5
1.4 U 1.6 U 1.6 U 1.5 U
1.8 4.3 5.1 13
1.4 U 1.6 U 1.6 U 1.5 U
1.4 U 1.6 2.8 2.8
2.2 6.2 9.2 6.2
1.4 U 1.6 U 5.9 1.5 U
1.4 U 3.5 3.2 2.5
3.3 8.1 9.7 9.2
1.4 U 3.7 1.6 U 1.8 I
1.9 5.5 9.3 6.8
1.4 U 1.6 U 1.6 U 1.5 U
1.7 I 9.1 I 12 I 7.1 I
1.5 3.3 6.5 5
1.4 U 4.4 4.6 5.6
1.4 U 1.6 U 3.2 I 4.7 I
1.4 U 1.6 U 1.6 U 1.5 U
1.4 U 4.8 1.6 U 1.5 U
1.4 U 1.6 U 1.6 U 1.5 U
1.4 U 1.6 U 1.6 U 1.5 U
1.4 U 8.3 6.1 2.7
1.4 U 9.6 10 2.4

59.2 152.6 190 154

Turning Basin 
North 

Composite

Turning Basin 
South 

Composite

Lower Federal 
Channel 

Composite

East Channel 
Composite
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Weaver’s Cove Energy 
Dredging Program © 2007

Tier III Bulk Chemistry Results Summary
Weaver's Cove Energy, LLC

Prepared May 2, 2005

Analytical Reporting
Method Limit*

Access Channel 
Composite

Parameter

Upper Federal 
Channel 

Composite

S-Bend 
Composite

Pesticides GC/ECD ppb ppb (Q) ppb (Q) ppb (Q)

4,4'-DDD 8081A 1 1.3 U
4,4'-DDE 8081A 1 5.8 1.3 U 2.8
4,4'-DDT 8081A 1 1.3 U
Aldrin 8081A 1 1.3 U
alpha-Chlordane 8081A 1 1.3 U
cis-Nonachlor 8081A 1 1.3 U
Dieldrin 8081A 1 1.3 U
Endosulfan I 8081A 1 1.3 U
Endosulfan II 8081A 1 1.3 U
Endrin 8081A 1 1.3 U
gamma-BHC 8081A 1 1.3 U
gamma-Chlordane 8081A 1 1.3 U
Heptachlor 8081A 1 1.3 U
Heptachlor epoxide (B) 8081A 1 1.3 U
Hexachlorobenzene 8081A 1 1.3 U
Methoxychlor 8081A 1 1.3 U
Oxychlordane 8081A 1 1.3 U
trans-Nonachlor 8081A 1 1.3 U
Toxaphene 8081A 25 32 U
Metals ppm ppm (Q) ppm (Q) ppm (Q)

Arsenic 6020A 0.4 15 9.7 11
Cadmium 6020A 0.07 0.96 0.31 0.7
Chromium 6020A 0.5 260 54 130
Copper 6020A 0.5 120 26 82
Lead 6020A 0.5 140 48 94
Mercury 7471A 0.02 1.4 0.35 0.72
Nickel 6020A 0.5 31 15 26
Zinc 6020A 1 260 91 200
Physical
Total Organic Carbon (Run 1) (%) 9060 4.2 1.9 3.5
Total Organic Carbon (Run 2) (%) 9060 4.1 2 3.2
Percent Moisture 2540G 60 46 56

Page 3 of 3
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Tier III Bulk Chemistry Results Summary
Weaver's Cove Energy, LLC

Prepared May 2, 2005

Parameter

Pesticides
4,4'-DDD
4,4'-DDE
4,4'-DDT
Aldrin
alpha-Chlordane
cis-Nonachlor
Dieldrin
Endosulfan I
Endosulfan II
Endrin
gamma-BHC
gamma-Chlordane
Heptachlor
Heptachlor epoxide (B)
Hexachlorobenzene
Methoxychlor
Oxychlordane
trans-Nonachlor
Toxaphene

Metals
Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Zinc

Physical
Total Organic Carbon (Run 1) (%)
Total Organic Carbon (Run 2) (%)
Percent Moisture

Turning Basin 
North 

Composite

Turning Basin 
South 

Composite

Lower Federal 
Channel 

Composite

East Channel 
Composite

ppb (Q) ppb (Q) ppb (Q) ppb (Q)

6.5
4.5
2.9
1.6 U
1.6 U
2.1
1.6 I
1.6 U
1.6 U
1.6 U
1.6 U
1.6 U
1.6 U
1.6 U
1.6 U
1.6 U
1.6 U
1.6 U
39 U

ppm (Q) ppm (Q) ppm (Q) ppm (Q)

9.7 15 18 14
0.27 1.6 1 0.79

62 140 280 270
36 94 120 110
38 140 160 110

0.24 1.8 2.2 3
23 24 29 23

110 310 260 210

2.2 4.1 4.6 4.6
2.5 4 5 4.7
52 56 58 54

*Reporting Limits taken from USEPA/USACE Final Regional Implementation Manual, 
Tables 2-3, April 2004.

Parameters not analyzed (as specified in the US Army Corp's Sampling Plan).

NOTE: RIM Table 3 does not list RLs for pesticides alpha-Chlordane, gamma-BHC, and 
gamma-chlordane, so an RL of 1ppb was chosen based on other chemically similar 
pesticides.
P - Greater than 40% RPD between the two columns; the higher value is reported according 
to the method.
I - Due to interference, the lower value is reported.
U - The analyte was analyzed for but not detected at the Reporting Limit; therefore, the 
sample is conservatively reported at the Reporting Limit.
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